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INTRODUCTION 
Much concern in recent years has been directed toward the avail­
ability, conservation and cost of fuel energy resources. Consequently, 
society in general has been encouraged to practice conservation and 
develop new and(or) improved technologies that enhance the efficiency of 
energy utilization. 
The annual production, processing and marketing of poultry products 
as food has utilized tremendous quantities of energy resources over the 
years, and, as this industry continues to produce to meet demands for 
food, it will create continuously greater demands for energy. A sub­
stantial amount of this consumed energy has been and will continue to be 
used to artificially brood juvenile poultry. 
Brooding has been deemed a very critical stage in the development 
and health of turkeys. Early-day poultrymen suggested this critical 
stage continues until the poults "shoot the red" at approximately 8 weeks 
of age. Time, technology and breeding have tended not to contradict 
their judgments. 
It has been a generally accepted concept that very young poultry 
lack sufficient body mass and effective heat conserving tissues, fat and 
feathers, to compensate for the rate at which body heat losses occur. 
This lack of conserving factors is of greater concern when the ambient 
temperatures are below the thermoneutral range of that individual for any 
extended period of time. Because poults must maintain a rather high body 
core temperature to promote good growth and continued health, supple­
mental heat must be supplied either naturally (parental) or artificially 
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(heat devices) because the ambient temperatures have tended to be nearly 
always below a poult's temperature comfort zone, 
A review of the literature, including published brooding tempera­
ture guides, indicated that an exact temperature best for brooding has 
not been established, but rather a specific range of temperatures seemed 
to be acceptable for either poults or chicks. The activities or actions 
of the poult or chick were often emphasized as the criteria to establish 
a proper temperature for brooding rather than following a set pattern of 
temperature changes. 
The temperatures to which these young animals have been exposed in 
commercial applications have remained essentially unchanged since the ad­
vent of artificial brooding. Most changes to applied brooding practices 
have been in equipment designs and types of energy resources used. The 
maintenance of these elevated, but essential, brooder temperatures re­
quired tremendous supplemental heat input and, if the brooding facility 
used was poorly equipped to prevent excessive heat escape, considerably 
more energy was expended to compensate for inadequate building construc­
tion. 
Therefore, in consideration of the need for the poultry industry as 
a part of society and as a major user of energy, to comply and do its 
part to conserve energy, its current brooding techniques should be 
investigated. 
A potential to conserve energy resources exists in the poultry 
industry by reducing (modifying) the traditionally applied brooding 
temperatures and this potential is augmented by these considerations. 
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1. Modem poultry brooding facilities can be constructed or recon­
structed to prevent excessive heat losses. 
2. Nearly all strains of commercial turkeys are capable of very 
rapid growth (thus accumulate body mass quickly], 
3. Current brooding practices came into use at a time when energy 
resources were more abundant and less costly (thus less concern 
about resource depletion and(or] over-consumption). 
The primary objective of the research reported here was to determine 
the effects of a modified (reduced) thermal environment (brooder tempera­
tures) on the growth and health of juvenile turkeys from 1 day to 8 weeks 
of age. Secondary objectives were to determine (1) the ability of juve­
nile turkeys to utilize dietary energy as a partial replacement for 
supplemental heat to aid in the maintenance of homeostasis and (2) the 
economic implications of modified (reduced] brooder temperatures as an 
energy conserving practice. 
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LITERATURE REVIEW 
Moore (1941) stated that artificial brooding was recommended and 
encouraged even though natural brooding would probably exist for some 
time. His statement suggested artificial brooding on a mass scale, as 
commonly practiced, does not have a relatively long history, but one of 
approximately 45 to 50 years. Ever since artificial brooding became 
acceptable for mass scale applications, a continuous search for the most 
effective brooder temperatures for juvenile poultry has been conducted. 
It has been commonly accepted that juvenile poultry be provided 
enough supplemental heat to keep them comfortable from day of hatch 
until such time that the risk of losses due to huddling and(or) piling 
has passed. Historically, management practices have been used to prevent 
incidences of "chilling" in juvenile poultry because it was feared that 
chilling would lead to severe losses due to decreased performance and(or) 
increased mortality. 
Moreng and Phillips (1950) stated that "severe" chilling (37°F, 
2.8°C) for short intervals (25 to 100 minutes) on day of hatch, 1 day 
after hatch or 2 days after hatch was not detrimental to growth for New 
Hampshire chicks up to 6 weeks of age. They further stated, however, 
that "mild" chilling over extended periods of time was considered 
detrimental. "Mild" chilling, however, was not defined. 
During this tenure of mass scale artificial brooding, the applied 
turkey brooding practices have not changed appreciably. Moore (1941) 
suggested an initial first week brooding temperature of 100°F as 
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practical, but emphasized poult actions be given prime consideration as 
to when adjustments in brooder temperatures were needed. Sullivan et 
al. (1968) recommended an initial first week brooder temperature in a 
range of 93°-95°F (35°C) with a weekly decrement of 5°F (2.78°C) for the 
following 4 weeks. They further recommended maintaining a 70°F (21.1°C) 
temperature until supplemental heat would no longer be required. 
It has been generally accepted that brooder heats in a range of 
32.5° to 35°C would assist juvenile chickens and turkeys in maintaining 
near normal body temperatures during the early stages of brooding. 
Sturkie (1965) suggested plumage growth and increasing age as factors 
also associated with achieving the normal deep body core temperature. 
Also in modem commercial production, the practice of reducing the brood­
ing temperature 5°F (2.78°C)/week has become commonplace, apparently as 
a matter of convenience more than a requirement. 
If increased body mass (muscle, organs and fat) and the development 
of true feathers are factors which aid juvenile turkeys in maintaining 
homeothermy when they experience a state of declining ambient tempera­
tures, then it would seem the earlier they amassed these factors, the 
earlier supplemental heat could be reduced and(or) completely removed 
from their environments. 
Recent data obtained from turkey research and commercial turkey 
production units indicate that, by 3 weeks of age, the modern strains of 
turkeys achieve live body weights similar to those of 5- to 6-week-old 
poults grown 40 to 50 years ago. If progressive increases in the body 
size (increased growth rates) of poults over the years were indicative 
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of increased [quantitatively) metabolic heat production ability and a 
more effective means of body heat conservation, then it could be postu­
lated that the initial (first week) brooder temperature needed to rear 
modern poults could be equivalent to that used historically for poults 
during the 3rd week of brooding (85°F). 
Brody (1945) suggested that the thermoneutral range of environ­
mental temperatures for turkeys was between 20° to 28°C. However, the 
specific age or ages this range pertained to were not stipulated nor 
was the type of turkey (bronze or white) identified. Sturkie (1965) 
stated that the amplitude (breadth) of the thermoneutral range of en­
vironmental temperature for a given "bird" increased with increasing age, 
a higher plane of nutrition or after long-term exposure to cooler en­
vironmental temperatures. This was a general statement about birds and 
did not specifically identify the turkey. Sturkie (1965) further stated 
that, even though the critical boundary of the thermoneutral range of 
environmental temperatures could be expanded by acclimatization, this 
range was still above the normal environmental temperature to which many 
birds were normally exposed. 
Thus, based on the suggestions by Sturkie (1965) and field ob­
servations, the initial test brooder temperature scheme used 
(to be described later) in the investigations reported herein was 
established. 
It has become common knowledge that avian species, like mammals, 
are homeothermic and must maintain a near constant deep core body temper­
ature for the integrity of the vital organs. This normal body temperature 
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does vary among avian species as it does among the various species of 
mammals. But, for the most part, all avian species maintain normal 
temperatures higher than those maintained by mammals. Wilson and Woodard 
C1955) reported the mature turkey's deep core body temperature as 41°C, 
King and Farner, 1961, (as cited by Sturkie, 1965), showed nearly the 
same body temperature for mature turkeys as that described by Wilson and 
Woodard (1955), 41.2°C. 
In some avian species, such as the turkey, this adult equivalent 
body temperature is not achieved at birth but at 2 to 3 weeks post-hatch 
(Sturkie, 1965). However, the suggested need to utilize energy resources 
more effectively and efficiently had stimulated some earlier researchers 
to conduct studies aimed at determining the effects of modified (reduced) 
brooder heats on the physiological responses of juvenile poultry. 
A computer literature search of five databases revealed that a 
limited number of recent studies had been conducted where the rapid-
developing, white juvenile turkeys were used as the experimental animals. 
More studies were listed where the modern rapid-growing broiler type 
chickens were used as experimental animals. Just how applicable the 
results obtained with chickens are to turkey brooding schemes is subject 
to some debate as some researchers suggested small but significant dif­
ferences between poultry species do exist. And, each species responds 
differently to both short- and long-term exposure to stresses of cooled 
or heated environments (Kotrbacek, 1977). These differences could in­
fluence the animal's ability to acclimate to various environmental 
conditions. 
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Very few studies have been conducted which have investigated both 
chick and poult responses to selected and controlled environmental 
states under a common simultaneous design. Thus, comparisons for the 
most part must be drawn from research results achieved under comparable 
environmental parameters and reported in sanctioned journals. Conse­
quently, the majority of the literature reviewed and cited in this paper 
involved the use of juvenile (0 to 8 weeks of age) turkeys as the 
experimental animals. However, selected research studies in which 
broiler type chickens were used are also cited. 
Huston (1965) reported that White Plymouth Rock male chicks exposed 
to a brooding temperature of 29.4°C grew as well as the same type chicks 
reared at 35°C during the first week of brooding and Harris et al. (1975) 
showed that lower constant air temperatures for brooding of chicks was 
favorable in each of two experiments reported. In the first experiment, 
chicks (combined sexes) reared under a temperature scheme of 30.8°C, 
28.5°C and 26.2°C the first, second and third weeks of brooding, 
respectively, gained 388 grams while chicks reared under a scheme of 
35°C, 31.3°C and 27.6°C gained 363 grams. In the second experiment with 
similar air temperature treatments (30°C and 3S°C initially, with each 
reduced weekly by equal decrements), male chicks reared under the lowered 
temperature scheme gained 420 grams while those reared under the higher 
scheme gained 407 grams. Livability, as stated by the authors, was not 
affected by the reduced brooding temperatures. The potential use of 
modified brooder heats appeared favorable for chicks, at least as sug­
gested from the results reported by Huston (1965) and Harris et al. 
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(1975). 
The literature reviewed specifically related to brooding turkeys in 
modified (reduced) thermal environments revealed some interesting and 
notable conclusions. DeShazer et al. (1974) reported that white poults 
maintained in an environment 5.56°C cooler than recommended gained less 
body weight than poults maintained in a normal temperature environment 
through 23 days of age. However, from 23 through 28 days of age, when 
the rearing temperature was only 2.78°C cooler than recommended, this 
group of poults gained slightly more weight than did poults reared in 
the recommended environment. In this instance, average gains reported 
were 37.9 grams for poults reared under the lowered (2.78°C cooler) 
temperature and 35.2 grams for poults reared normally. 
Wineland (1977, 1978) suggested that low temperature brooding of 
turkeys was possible. His studies indicated no differences occurred 
among weight gains or feed conversions of turkeys at market age (23 
weeks) after having been exposed to brooder temperatures of 35°, 32° or 
30°C the first week followed by weekly decrements of 3.2°C for the next 
several weeks. Wineland (1977) stated, however, that differences in 
weights and feed conversions did exist at the end of brooding (11 weeks 
of age). 
Wineland (1978) reported data that showed male poults initially (1st 
week) brooded at 35°C weighed 5233 grams at 11 weeks of age and male 
poults initially brooded at 30°C weighed 5022 grams at the same age. 
This difference amounted to approximately 4 percentage units. 
de Albuquerque et al. (1978) conducted studies with white turkeys 
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exposed to constant but different environmental temperatures. Turkeys 
in these studies, however, were 6 weeks of age before exposure to re­
duced temperatures was initiated. Even so, maximum body weight gains 
were achieved by poults exposed to environmental temperatures of 18.3°C 
or 10°C as compared with those of poults kept at higher temperatures. 
Turkeys grown at 10°C showed 13 and 6% greater gains than those grown at 
35°C and 26.7°C, respectively, to 24 weeks of age. Again, it is impor­
tant to note that these turkeys were well beyond the early brooding 
stage and were considerably more developed than those in studies previ­
ously cited. 
Pierson et al. (1981) designed a study to determine the effects of 
various brooding temperatures imposed up to 2 weeks of age on subsequent 
performance and leg conditions of the large, white turkey. These authors 
stated that body weights and feed conversions of the poults exposed to 
low brooding temperatures (23.7±.3°C brooder ring mean temperature) 
measured at 2, 5, 10, 15 and 20 weeks of age were no different statisti­
cally than those of the poults exposed to either the moderate (31.9±.6°C) 
or the high (36.1±.2°C) brooding temperature treatments. It should be 
noted that exposure to the described treatments began when the poults 
were 60 hours old (post hatch), terminated on day 14 (2 weeks of age) 
and that the moderate temperature treatment groups (7 pens or 203 poults) 
served as the controls. At 2 weeks of age, even though no statistical 
differences were observed among treatment groups for body weight, numeri­
cal differences favored those poults exposed to the low temperature 
treatment. They showed a treatment average body weight that was 10 grams 
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heavier than the high temperature treatment group and 20 grams heavier 
than the moderate temperature treatment (control) group. These authors 
further reported that the various brooding temperatures had no signifi­
cant influence on overall mortality but a numerically higher mortality 
was experienced by poults exposed to the low brooding temperature. This 
trend was apparent even by 2 weeks of age, the time the temperature 
treatments were terminated. Even so, the authors noted that their data 
showed the low brooding temperatures (23.7±3°C throughout the brooder 
ring) they used up to 2 weeks of age had no effect on subsequent per­
formance of these turkeys up to 20 weeks of age. 
Pierson et al. (1981) and Wineland (1977, 1978) were in agreement 
that subsequent performance (growth) to market age by the large white 
type turkey was not impaired by the imposition of modified (reduced) 
brooder temperatures during the early stages of growth. 
Somewhat later, Hurwitz and Bengal (1982) exposed 4 to 4 1/2 week 
old white male poults to various constant and cycling environmental 
temperatures for 28 days to determine energy needs for maintenance and 
growth functions. Poults exposed to the lowest constant test tempera­
ture (12°C) during the 28 day trial gained 179 grams less than those 
poults reared at 24°C, but that poults kept at 18°C gained 16 grams more 
(a nonsignificant increase) than those brooded at 24°C. They reported 
that poults exposed to the 18°C environment did require more energy for 
maintenance than those reared in the 24°C environment. 
It should be noted that the poults used in the Hurwitz and Bengal 
(1982) study were not exposed to the modified temperatures until they 
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had developed a full feather coat and accumulated considerable body-
mass. Also, these poults had progressed beyond the age of 4 weeks, that 
age (to be discussed later) suggested by Kotrbacek (1977) when meta-
bolizable energy can be used more effectively to produce needed body 
heat and after body temperatures had reached adult levels. 
In the studies cited thus far the use of modified (reduced) brooder 
temperatures for white turkey poults appeared favorable, particularly 
after the poults had achieved considerable body mass and feather develop­
ment. Yet for energy conservation to be most beneficial it could best 
be done during the first stages (0 to 4 weeks) of brooding as well be­
cause relatively large quantities of energy are consumed during this 
interval. 
In order to achieve optimum performance the homeothermic animal 
must be provided an environment conducive to maintaining its normality. 
A normal deep core body temperature apparently forms the basis for this 
normality (homeostasis). IVhen the surrounding environment accepts more 
heat from the body than what the animal's body is capable of producing, 
homeotherray fails (Bianca, 1969). Apparently though, even when juvenile 
poultry are exposed to normal (recommended) brooder temperatures, their 
body temperatures remain somewhat below the adult body temperature. In 
chicks, according to Sturkie (1965), this occurs for nearly 3 weeks 
post-hatch and Kotrbacek (1977) suggests that poults did not achieve 
adult body temperatures until 4 weeks of age. 
Kotrbacek (1977) reared white and bronze poults on practical 
starter diets in electrically heated batteries and exposed them to 
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brooder temperatures (under the hood) of 35°C for the first week of life 
and then reductions of 2° to 3°C each week thereafter to 60 days of 
age. The author stated that weight gains of these poults were satisfac­
tory, but no data were given. The poults were also used to determine 
cloacal temperatures in this study and were taken from the described 
rearing conditions and placed in a respiratory metabolism chamber as it 
was used to modify the thermal environment. The chamber was immersed 
in a water bath to achieve the various desired ambient test temperatures. 
The test temperatures were 38°, 34°, 30°, 26° and 22°C. The cloacal 
temperature of each poult was recorded immediately after 30 minutes of 
exposure to each ambient temperature and again after another 30 minutes 
of exposure to the same ambient temperature. Thus, each poult was held 
in each test temperature for 1 hour. This procedure was repeated 
periodically up to 10 days post hatch. However, exposure of poults to 
the 38°C thermal environment was discontinued after 3 days of age. After 
a continuous, progressive exposure to the test temperatures shown, the 
poults were returned to the rearing battery until the next scheduled 
measurement. After 10 days of age the poults were exposed to a series 
of ambient test temperatures of 30°, 26°, 22° and 18°C in the same manner 
as described for the first 10 days of age. 
From this sequence of cloacal temperature measurements, Kotrbacek 
(1977) stated that the body temperature of white poults was 39°C up to 2 
weeks post hatch and changed very little during this time. But when the 
poults were exposed to ambient temperatures below 24°C, the body tempera­
ture was below 39°C for as long as 2 1/2 weeks post hatch. Body 
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temperatures of poults older than 10 days were not influenced by any of 
the ambient temperatures tested according to Kotrbacek (1977). 
Of particular interest was the body temperature of poults exposed 
to the ambient temperature treatment of 30°C from day of hatch to 4 
weeks of age. Graphical data presented by Kotrbacek (1977) indicated 
that white poults, when exposed to 30°C, maintained their body (cloacal) 
temperatures at nearly 39°C for the first 10 to 14 days post hatch, then 
showed a consistent increase in body temperature to slightly over 41°C 
by the end of the 4th week post hatch. Other graphical data of his 
study showed that when white poults were exposed to 38°C' the first 3 
days and 34°C from day four onward, body temperatures were slightly over 
39°C and the adult-like temperature was not achieved until near the end 
of the 4th week post hatch. These data suggested that white poults were 
unable to achieve and(or) maintain an adult level, deep core body tem­
perature, irrespective of ambient temperature before 28 days post hatch. 
And, because so little difference was noted in actual body temperatures 
between poults kept at 34°C and 30°C, this suggested that 39°C may be 
the normal body temperature for white poults up to 4 weeks of age. The 
results of Kotrbacek's (1977) study indicated that the use of modified 
brooder temperatures could be of potential value both biologically and 
economically. 
Wekstein and Zolman (1971) showed that young chicks (46-hours post 
hatch) were able to maintain a deep cloacal temperature of at least 39°C 
when exposed to a 20°C environment for a period of 1 hour. These authors 
suggested that the young chick was capable of maintaining a relatively 
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constant core temperature, even though it was below an adult level, with­
in 46 hours post hatch at 20°C cold stress. Sturkie (1965) reported that 
King and Famer (1961) had established 41.9°C as the adult domestic chick­
en's normal body temperature and he had also stated the young chick's 
body temperature did not reach this level until 2 to 3 weeks post hatch. 
In addition to body temperature measurements, Kotrbacek (1977) 
measured gaseous (O2 and CO2) exchange in the poults at each of the previ­
ously described ambient temperatures he tested. These measurements were 
obtained by using a gas analyzer attached to the respiratory metabolism 
chamber housing the poults. The gas measurements were adjusted to 
standard (760 Torr pressure and 0°C temperature) conditions and body 
heat production of the poults was calculated. According to these calcu­
lations, Kotrbacek (1977) found that the rapid rise in body temperature 
of poults, which occurred between the 3rd and 4th weeks post hatch, 
was more the result of increased rates of metabolism than increased 
feathering (insulation factor) or other physical thermoregulation 
mechanisms. He did not define the mechanisms that could be involved. 
Kotrbacek (1977) stated that because the main increase in energy 
metabolism/kg^"^^ of body weight did not occur with white poults until 
after 3 weeks of age, these poults cannot be expected to cope with pro­
longed exposure to cold before that time. DeShazer et al. (1974) calcu­
lated the metabolizable energy intake of poults exposed to modified 
temperatures and found no effect of brooding temperature. It should be 
noted, however, that a small number of poults (four) was used in each of 
his treatment groups and feed intake, which served as the basis for 
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calculating ME intake, was measured for only one 24-hour period. 
However, Sturkie (1965) stated that the amplitude (breadth) of the 
thermoneutral range of ambient (environmental) temperatures for a given 
bird could be altered by long-term exposure to cooler ambient tempera-, 
tares, among other factors. If so, the lower critical boundary of 
thermoneutrality for juvenile turkeys could be expanded if exposure time 
was extended to a long-term basis, such as a brooding period of 0 to 8 
weeks. 
DeShazer et al. (1974) and Kotrbacek (1977) both employed relative­
ly short-term exposure of poults to modified ambient temperatures before 
body temperatures were taken. DeShazer et al. (1974) allowed 44 hours 
before measurement of body temperature and Kotrbacek (1977) allowed only 
1 hour before measurement of the cloacal temperatures. In addition, 
poults of each study were returned to a recommended environmental tem­
perature between measurements. Ryser and Morrison, 1954, cited by 
Sturkie (1965), found that pheasants 2 and 3 days of age could not in­
crease their resistance to cold after repeated exposures to a 20°C 
environment. In contrast, cold resistance was increased in the older 
pheasants by this type of exposure. However, as with DeShazer et al. 
(1974) and Kotrbacek (1977), Ryser and Morrison (1954) apparently made no 
attempt to determine the long-term acclimatization ability of the juvenile 
pheasant. Thus, acclimatization time may have been too short and did not 
allow the juvenile body sufficient time to modify its resistance and(or) 
tolerance to the specific environmental state. 
DeShazer et al. (1974) also found that both sensible and total heat 
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losses from poults 6 to 23 days of age increased when they were exposed 
to an environment 5.56°C cooler than recommended. If homeothermy in 
this environmental state was to be maintained, their metabolic heat pro­
duction should have increased. Increased metabolic heat production would 
require (demand) increased organic fuel to support this new rate of 
metabolism. It is commonly accepted that one of the poult's first re­
sponses (it may or may not be the initial one) to an increased need for 
energy would be to increase its dietary energy intake. If enough food 
could be consumed so that once again the total heat production would 
equal the total heat lost from the body, the body would then be in a 
state of thermal balance (homeothermy). Huddling by poults exposed to 
similar circumstances may be observed as the initial response but 
eventually metabolic heat production would have to prevail to balance 
the body heat losses. 
Sturkie (1965) and others have stated that the amplitude of the 
thermoneutral range of ambient temperatures of a given bird can be in­
creased with an increased plane of nutrition (increased energy intake). 
Therefore, it would be expected that a greater energy (feed) intake by 
poults would accompany their being exposed to cooler brooder tempera­
tures. 
Numerous studies have shown that either a change in dietary energy 
concentration or a change in the ambient tempratures for a given poultry 
species has caused an inverse change in feed consumtpion. Hill and 
Dansky (1954), Dymska et al. (1955), Balloun et al. (1959) and Huston 
(1965) all reported decreased feed consumption by juvenile poultry in 
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response to increased dietary energy concentrations. In these studies, 
ambient temperatures were apparently maintained near recommended levels. 
Prince et al. (1961) showed that feed consumption by 4 to 8 week old 
heavy-type chicks significantly decreased as the environmental (ambient) 
temperature increased from 7° to 24°C. Deaton et al. (1973) found that 
feed consumption patterns of 4 to 8 week old broilers were similar to 
those reported by Prince et al. (1961). Deaton et al. (1973) tested 
ambient temperatures of 10° and 21.1°C and, when live weights and feed 
efficiencies data were calculated, they noted that chicks exposed to the 
lower temperature consumed greater amounts of feed. 
DeShazer et al, (1974) used the white turkey poult in their studies 
(described earlier) and determined that energy intake by the poults was 
not affected by thermal environment until 3 to 4 weeks of age. Conse­
quently, they concluded that exposure of poults less than 3 weeks of age 
to cool environments would impair rate of growth. 
Hurwitz et al. (1980) exposed 4 1/2 week old male and female poults 
to five environmental temperature treatments of 12°, 18°, 24°, 28° or 
32°C for 4 weeks and collected feed intake and body weight data. Their 
results showed that, as the chamber temperatures increased, feed intake 
by male poults decreased significantly and in a linear fashion. In addi­
tion, feed intake was greater by poults fed the lower energy, higher pro­
tein diet than it was by poults fed the higher energy diet. 
Hurwitz and Bengal (1982) conducted experiments designed to deter­
mine the performance of juvenile turkeys reared in constant and cyclic 
environmental temperatures and concluded that feed intake was greatest by 
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white poults kept in the coolest temperatures. 
The results of studies by Prince et al. (1961), Deatonetal. (1973), 
DeShazer et al. (1974), Hurwitz et al. (1980) and Hurwitz and Bengal 
(1982) suggested that juvenile poultry, at least those 4 weeks of age 
and older, ate primarily to satisfy their daily energy requirements. 
Curtis (1983) suggested if metabolizable energy intake by animals re­
mained the same during exposure to ambient temperatures below thermo-
neutrality as it was during thermoneutrality, weight gains would be 
reduced at the lower temperatures. He further suggested that the intake 
of extra feed by animals at ambient temperatures below thermoneutrality 
would not ensure similar weight gains to those achieved in the thermo-
neutral range of the animal. 
Data presented by both DeShazer et al. (1974) and Kotrbacek (1977), 
however, indicated that the white poults should not be exposed to long 
periods of cold stress before 3 weeks of age because they were not cap­
able of adjusting metabolizable energy (ME) intake in response to in­
creased needs nor were they capable of utilizing ME efficiently for 
production of body heat. Thus, poults less than 3 weeks of age would be 
dependent upon supplemental ambient heat to maintain homeothermy. 
The literature reviewed generally suggested that poults younger than 
3 weeks of age apparently do not adjust feed intake sufficiently to com­
pensate for increased energy needs, when they are exposed to reduced 
brooder heats. This concept suggests then that the use of a high energy, 
nutrient enriched diet may be crucial to the poults' well-being in such 
instances. 
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The ability of young (0 to 3 weeks) poults to utilize a highly di­
gestible, concentrated source of dietary energy to support the maintenance 
functions during long-term exposure to lower than normal ambient tempera­
tures has not been investigated. Animal tallows and vegetable oils or 
some blend of these feedstuffs (both concentrated sources of readily 
available energy) have been routinely used in turkey grower diets to 
promote rapid gains and improved feed efficiencies. Their beneficial use 
under traditional production practices has been well-documented by both 
research and field studies. 
Owen and Waldroup [1979) and Sell and Owings (1981) reported the ef­
fects of incorporating fats into the diets of juvenile turkeys. In their 
studies, fats were fed from 1 day to 20 weeks of age at concentrations 
ranging from 1 to 8% of the diet. Owen and Waldroup (1979) found that 
dietary concentrations of 2 and 4% fat increased weight gains signifi­
cantly. Sell and Owings (1981) also found that supplementing diets with 
1 up to 8% animal-vegetable fat improved weight gains and feed effi­
ciencies. In both of these studies the added dietary fat was utilized 
by the poults to improve growth, but the studies were conducted under 
traditionally used rearing practices. 
The successful utilization of fats to promote faster growth rates in 
poults reared under normal environments suggested, it seemed, that poults 
could potentially use fats to enhance growth rate in abnormally cool con­
ditions as well. On the other hand, even if growth was somewhat impaired 
at the end of brooding, if good health in the poults could be maintained 
when reared in a cooler than recommended environment, a producer could 
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exploit the compensatory growth ability of the poults during later stages 
of growth. This compensatory growth ability could then overcome the 
sacrificed growth which, as suggested by DeShazer et al. (1974), might 
occur under reduced brooder temperatures. 
Several studies by Auckland et al. (1969), Wineland (1977, 1978) and 
Johnson and Sell (1976) have shown the large market-type white male turkey 
to be quite capable of compensatory growth after a period of "forced" 
growth retardation. In the studies by Johnson and Sell (1976) dietary 
protein was limited to bring about the "forced" growth retardation. 
Apparently, after 4 weeks of age, as suggested from the literature 
reviewed, poults do adjust their feed intakes in response to body energy 
needs. It has been suggested that ambient temperatures below the juve­
nile turkey's thermoneutral range stimulate increased feed intakes to the 
extent energy needs are once again satisfied or the physical capacities 
of the gastro-intestinal tracts are met. 
Gut capacity could become the limiting factor to the welfare of 
juvenile turkeys (0 to 8 weeks of age) when reared under reduced brooder 
temperatures. As suggested by Hill and Dansky (1954), Dymska et al. 
(1955), Balloun et al. (1959), Huston (1965) and Sell and Owings (1981) 
increased concentrations of dietary energy (via animal fats) could elimi­
nate the concern of limited gut capacity. Thus, the provision of energy-
nutrient dense diets to poults could be beneficial, even when the poults 
are reared under reduced brooder heats. 
Results of the experiments summarized for the review reported herein 
suggested that some potential, at least after 3 weeks of age, for reducing 
22 
traditionally used brooder temperature schemes for juvenile turkeys 
existed and that further investigations were warranted. Thus, the ex­
periment (five trials) described herein was conducted primarily to de­
termine the effect of cooler than traditionally recommended brooding 
thermal environments on the growth and well-being of turkey poults from 
1 day to 8 weeks of age. Secondly, the experiment was conducted to de­
termine the influence of nutrient concentration in diets on the response 
of poults to low temperature brooding conditions. 
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MATERIALS AND METHODS 
Brooding Facility Construction, Design and Operation 
A recently renovated polebarn type structure was used to brood 
and rear the poults of each trial reported. The interior of this 
facility was modified so that it was capable of providing comfort when 
animals were housed in total confinement during either warm or cold 
seasons, both of which are common to the northern region of the central 
states. The interior dimensions of the structure were 50 feet (15.2 
meters) wide and 108 feet (33.0 meters) long. The walls and ceilings 
were insulated with a blanket type, fiberglass material layered over 
the existing (old) insulation. The inner surfaces of the walls and 
ceiling were constructed with exterior grade, 3/8 inch, 4x8 feet ply­
wood panels. The panels were fitted tightly to prevent excessive air and 
moisture leakages. The insulating value of the walls and ceiling (roof 
included) after renovation was calculated to be R-16. 
A negative pressure ventilation system was installed with a designed 
air movement capacity of 37,500 CFM. This air movement capacity was 
calculated to be sufficient for 1,200 turkeys grown to market age in 
total confinement during the warm season. The ventilation system exhaust 
capacity consisted of three 10,000 CFM (91.5 cm diameter) and three 
2,500 CFM (40.5 cm diameter) fans each with an independent control. The 
larger fans and two of the smaller fans were each thermostatically con­
trolled and the remaining small fan was time-clock controlled. 
During cold weather brooding, the low capacity exhaust fans were 
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used to provide the needed air turnover. During the first 2 weeks of 
brooding, only the time-clock controlled fan was activated. The time-
clock control device allowed fan operation in increments of 1 up to 10 
minutes/10 minute time interval or it could be adjusted to allow con­
tinuous fan operation. 
An electrical service capable of providing ample energy for lights, 
ventilation systems and brooding heater units was installed. The service 
provided three main circuits with each independently metered. Two cir­
cuits were provided for brooding and the third for the lights and ventila­
tion systems. Infrared heat brooder units were installed for each floor 
brooding pen. An 800 watt heater and two infrared heat lamps, each with 
a 250 watt bulb suspended 76.3 cm above the litter provided the brooding 
heat in each pen. Total supplemental heat was provided by the 12 brood­
ing heaters and the 24 infrared heat lamps. However, because the 12 
brooding heat units were unable to maintain an adequate ambient house 
temperature during the first trial because of an unusual, unexpected cold 
spell (a -65°F wind-chill on 11/28/78, for example), a hot air, thermo­
statically controlled furnace was adapted for use during the remaining 
trials. 
The furnace was positioned in a room adjacent to the brooding area 
and its controlling thermostat was installed in the brooding room. Brood­
ing room air was pulled through a filtered, insulated collecting duct 
across the furnace heat exchanger and was directed back into the brooding 
room through an insulated hot air distributing duct. This duct, contain­
ing three evenly spaced vents, was positioned on the ceiling over the 
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drive/walk way and extended 26.5 m into the brooding area (approximately 
80% the room's length). No external (outside) air was incorporated into 
the air heating system, only brooding room air was cycled. 
Because no open flames were present in the poult brooding area due 
to the air heating and brooder heat systems used, no hydrocarbon fuel 
combustion by-products entered the poults' brooding environment. Thus, 
combustion by-products should not have influenced the health and vigor 
of the juvenile turkeys. 
The brooding room of the facility was designed to provide two brood­
ing arenas, not individual rooms, so in-house environmental conditions 
experienced were common to all experimental pens of poults. 
The two brooding arenas of the facility were separated by a walk/ 
driveway that was 10 feet (3.05 m) wide. Each brooding arena, illustrated 
in Figure la, was 20 feet (6.1 m) wide and 108 feet (33.0 m) long and was 
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subdivided into six pens. Each pen provided 360 ft (33.55 m ) of floor 
space. The pen dividers, as well as the confinement barrier along the 
walkway, were constructed of a galvanized woven wire fence material 
attached to wooden frames. Consequently, no solid inner walls existed 
between the brooding arenas or pens. Thus, a common internal environ­
ment was maintained during each trial. 
The heater units of the six floor pens common to each brooding arena 
were adjusted to a fixed temperature and were controlled as a bank of six 
units by a single control device. This device was sensitized by a radi­
ant heat detecting thermistor unit suspended in one of the six pens at 
poult height. Radiant heat changes detected in this master pen were 
5.5 M » 
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Brooding 
pen ceiling air nlet 
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Figure la. Brooding arena, pen and ring arrangements - Trials 1 to 5 
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transmitted to the controller panel, which in turn modulated (energized 
or de-energized) the bank of brooder heat units. 
In Trial 5, two additional brooder heater control devices with 
accompanying thermistors were installed and used. However, the experi­
mental brooder temperature schemes were not affected operationally. 
The light circuits installed, one over each brooding arena and one 
over the walk/driveway, were each equipped with a manually adjustable 
rheostat to control light intensity during the brooding and/or growing 
cycles. 
General Brooding and Temperature Schemes 
Male poults of one commercial large-type strain^ were obtained from 
a commercial hatchery for each trial of the experiment reported here. 
The poults were brooded in floor pens (previously described) on wood 
shavings over concrete floors. The poults were confined in brooder rings 
constructed of brown corrugated cardboard 18 inches (46.75 cm) high the 
2 2 first 10 days of brooding. Each brooder ring provided 50 ft (4.66 m ) 
2 
of brooding space when 100 poults per pen were started and 78.5 ft (7.3 
2 
m ) when 200 poults per pen were started. 
The brooder pens and brooder ring arrangements used during each ex­
periment are illustrated in Figures la and lb. Special consideration was 
given to positioning of the feeders, waterers and heaters in each ring to 
insure that all poults had equal opportunities and distances to seek food, 
water and warmth. The infrared heat lamps described previously also 
^Nicholas Turkey Breeding Farms, Sonoma, California. 
thermistor 
heater 
heat lamp 
Figure lb. Brooding ring arrangement for Trials 1 to 5 
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served as a source of light to attract the poults to the heat source. 
One hundred poults per pen were started initially in all trials except 
Trial 2, in which case 200 poults were started in each pen. 
Groups of poults in each trial were exposed to either a series of 
conventional brooder temperatures patterned after the scheme commonly 
used by commercial producers or a modified (reduced) brooder temperature 
scheme. The schemes used are described in Figures 2 and 3. Note that 
the schemes employed in Trial 5 were different from those used in previ­
ous trials. Justification for this alteration will be discussed later. 
Trials 1 and 3 were conducted in late fall/early winter and Trials 
2, 4 and 5 were conducted in the late winter/early spring seasons 
(Table 1). 
In the first four trials, the initial first week brooder tempera­
tures for the conventional and modified schemes were fixed at 35°C and 
29.4°C, respectively. Temperatures of each scheme were reduced at weekly 
decrements of 2.8°C the first 6 weeks of brooding. To achieve a house 
temperature of 10°C by the time the poults had reached 8 weeks of age, 
weekly decrements of 5.6°C for the next 2 weeks were made in the normal 
brooding scheme. The brooder temperatures of the modified scheme were 
maintained at room temperature (Table 1) during the last 2 weeks of 
brooding. 
The temperature schemes used during the fifth (last) trial were 
somewhat different as noted from the values listed in Figure 3. In this 
trial the brooder temperature for both schemes was fixed at 35°C through 
the third day of brooding. On the morning of the fourth day, the 
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Brooder phase 
Brooder temperature scheme (°C) 
Normal Modified 
One 
Week 1 
Week 2 
Week 3 
35.0 
32.2 
29.4 
29.4 
26.7 
23.9 
Two 
Week 4 
Week 5 
Week 6 
26.7 
23.9 
2 1 . 1  
2 1 . 1  
18.3 
15.6 
Three 
Week 7 
Week 8 
15.6 
10.0 [Room) 
Room 
Room 
Figure 2. Brooder temperatures imposed on male poults 0 to 8 weeks of 
age - Trials 1 to 4 
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Three 
One 
Days 0-3 35.0 35.0 
Days 4-7 32.2 29,4 
Days 7-12 29.4 26.7 
Days 13-18 26.7 
Days 14-20 — 23.9 
Two 
Days 19-24 23.9 
Days 21-27 — 21.1 
Days 25-30 21.1 
Days 28-34 — 18.3 
Days 31-36 18 3 
Days 35-41 — 15.6 
Days 37-42 15.6 
Days 42-48 — 12.8 
Days 43-48 12.8 
Days 49-56 10.0 or room 10.0 or room 
Figure 3. Brooder temperatures imposed on male poults 0 to 8 weeks of 
age - Trial 5 
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Table 1. Brooding house ambient temperatures and relative humidities 
during brooding - Trials 1 to 5 
Brooding Trial 1 Trial 2 Trial 3 Trial 4 Trial 5 
phase (Oct-Nov) (Mar-Apr) (Oct-Nov) (Mar-Apr) (Feb-Kar) 
Cwks) Temo RH Temp RH Temp RH Temp RH Temp RH 
0 to 3 18 19 42 19 33 20 37 18 22 
4 to 6 11 19 55 16 51 21 40 16 40 
7 to 8 8 16 62 13 64 18 50 13 45 
temperature of the conventional scheme was reduced to Z 2 . 2 ° C  and for the 
test scheme it was reduced to 29.4°C. On the morning of the seventh day 
of brooding, a 2.8°C reduction in temperature was made for the conven­
tional and modified temperature schemes. From this day onward and at 
alternate intervals, the temperatures were adjusted by decrements of 
2.8°C for each scheme as shown in Figure 3. Note from this illustration 
that 10°C was achieved on the same day for both schemes as was done in 
the previous trials. 
The brooder rings described earlier were constructed with a diameter 
large enough to allow at least a 10°C difference between the air tempera­
ture under the hoover and that at the perimeter of the brooder ring. This 
variation provided the poults an opportunity to seek their individual com­
fort zone but kept them confined to the brooder area and prevented stray­
ing and potential piling, a common occurrence with juvenile turkeys. 
Brooding house (room) air temperatures were monitored with seven to 
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thermometers, initially checked against a standard and placed at various 
locations throughout the brooding room. Each thermometer was positioned 
five feet (1.5 m) above the floor line. Existing house temperatures were 
recorded twice daily as were the existing outside air temperatures. All 
readings were recorded at 0800 and again at 1700 hours each day. The 
average in-house temperatures are illustrated in Table 1 for each trial 
of the experiment. 
Brooder house relative humidity conditions were also recorded at 
0800 and 1700 hours each day. The relative humidity was determined by 
using a sling-type, hand-held psychrometer. The average in-house re­
cordings are illustrated in Table 1 for each trial of the experiment. 
Feeding and Weighing Methods 
Half of each brooder temperature treatment group, except those of 
Trial 1, were fed a complete, all-mash diet formulated to be 8% higher 
in metabolizable energy and 5% higher in crude protein than the diet fed 
to the other half of that respective group. In Trial 1, two pens of 
poults rather than three pens in each teperature treatment group were 
fed each dietary treatment. Composition of the test diets is shown in 
Tables 2 to 6. The dietary regime lowest in nutrient density and energy 
was based on experimental starter diet formulas used at this station and 
known to support optimum normal growth in male poults 0 to 8 weeks of age 
(Johnson and Sell, 1976). The formulas of the diets were altered only 
when the nutrient composition of an ingredient or ingredients changed. 
The same calorie-to-protein ratio was maintained for each diet fed 
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Table 2. Composition of diets - Trial 1 
Dietary treatments 
High Nutrient Density Low Nutrient Density 
Ingredients (% of diet) Growth periods (weeks) Growth period (weeks) 
0 to 3 4 to 6 7 to 8 0 to 3 4 to 6 7 to 8 
Com, yellow ground 23 .60 32 .27 43 . 66 35 .90 42 .75 57. 00 
Soybean meal (44.0% protein) 57 .95 50, ,53 40, .39 52 .00 46. 30 34, .05 
Meat meal (50% protein) 4 .00 4, .00 4, .00 4 .00 4. 00 4, .00 
Limestone, ground 1 .00 1. ,00 1, .00 1 .00 1. 00 1. ,00 
Dicalcium phosphate 3 .00 3. ,00 3. ,00 3 .00 3. ,00 3. ,00 
Salt/trace mineral^ 0, .30 0. ,30 0, ,30 0 .30 0. ,30 0. ,30 
Vitamin premix^ 0, .50 0. ,50 0. ,50 0 .50 0. ,50 0. ,50 
DL-Methionine 0, .15 0. ,15 0. ,15 0 .20 0. ,15 0. ,15 
Animal tallow 9, .50 8. ,25 7. ,00 3 .00 2. ,00 0. ,00 
Calculated analysis 
Crude protein (%) 29. ,9 27. 0 24. 7 27 .9 26. 0 22. 9 
ME, Kcal/KG 2895 2961 3032 2719 2750 2809 
Lysine (%) 1. 8 1. 6 1. 4 1. 7 1. 5 1. 3 
Methionine (%) 0. ,56 0. 56 0. 54 0, ,63 0. 56 0. 52 
Calcium (%) 1. 6 1. 7 1. 7 1. ,6 1. 7 1. 6 
Phosphorus (Av. %) 0. ,87 0. 86 0. 85 0, .86 0. 86 0. 86 
ME:protein ratio 97: 1 lie 1:1 122 ;:i 97: :1 106 ,:1 123 ;:1 
Laboratory analysis 
Crude protein (%) 28. 7 27. 7 25. 8 28. 1 27. 1 24. 3 
^Supplied the following per kilogram of diet: Copper, 6 mg; iron, 
24 mg; manganese, 49 mg; potassium, 1.23 mg; sodium chloride, 2649 mg; 
zinc, 60 mg. 
Supplied the following per kilogram of diet: Vitamin A, 8800 lU; 
Vitamin D3, 3300 lU; Vitamin E, 26.4 lU; menadione, 2.2 mg; Vitamin B12, 
13.2 Mg; biotin, 110 yg; choline, 440 mg; choline chloride, 440 mg; 
folic acid, 1.1 mg; niacin, 88 mg; pantothenic acid, 19.8 mg; pyridoxine, 
2.2 mg; riboflavin, 6.6 mg. 
during each trial with the ratios changed accordingly to meet the nutri­
ent needs of the growing poults. Three predetermined adjustments were 
made in the nutrient concentrations of the diets with regard to poult 
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Table 3. Composition of diets - Trial 2 
Dietary treatments 
, CO, J- 4.-1 High Nutrient Density Low Nutrient Density 
Growth periods (weeks) Growth period (weeks) 
0 to 3 4 to 6 7 to 8 0 to 3 4 to 6 7 to 8 
Com, yellow ground 28.08 36.39 43.66 39.90 48.67 57.00 
Soybean meal (47.5% protein) 53.42 46.66 40.39 48.10 41.38 34.05 
Meat meal (50% protein) 4.00 4.00 4.00 4.00 4.00 4.00 
Limestone, ground 1.00 1.00 1.00 1.00 1.00 1.00 
Dicalcium phosphate 3.00 3.00 3.00 3.00 3.00 3.00 
Salt/trace mineral^ 0.30 0.30 0.30 0.30 0.30 0.30 
Vitamin premix^ 0.50 0.50 0.50 0.50 0.50 0.50 
DL-Methionine 0.20 0.15 0.15 0.20 0.15 0.15 
Animal tallow 9.50 8.00 7.00 3.00 1.00 0.00 
Calculated analysis 
Crude protein (%) 29.9 27.0 25.0 27.9 26.0 22.8 
ME, Kcal/Kg 2972 3007 3021 2719 2750 2807 
Lysine (%) 1.9 1.6 1.4 1.7 1.5 1.3 
Methionine (%) 0.55 0.56 0.54 0.63 0.56 0.52 
Calcium (%) 1.6 1.7 1.7 1.6 1.7 1.6 
Phosphorus (Av. %) 0.87 0.86 0.85 0.86 0.86 0.86 
ME:protein ratio 100:1 111:1 121:1 98:1 106:1 123:1 
Laboratory analysis 
Crude protein (%) 28.5 26.2 24.2 27.7 24.5 25.4 
^Supplied the following per kilogram of diet: Copper, 6 mg; iron, 
24 mg; manganese, 49 mg; potassium, 1.23 mg; sodium chloride, 2649 mg; 
zinc, 60 mg. 
^Supplied the following per kilogram of diet: Vitamin A, 8800 lU; 
Vitamin D3, 3300 lU; Vitamin E, 26.4 lU; menadione, 2.2 mg; Vitamin B12, 
13.2 yg; biotin, 110 yg; choline, 440 mg; choline chloride, 440 mg; folic 
acid, 1.1 mg; niacin, 88 mg; pantothenic acid, 19.8 mg; pyridoxine, 2.2 
mg; riboflavin, 6.6 mg. 
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Table 4. Composition of diets - Trial 3 
Dietary treatments 
Ingredients (% of diet) High Nutrient Density Low Nutrient Density 
Growth periods (weeks) Growth period (weeks) 
0 to 3 4 to 6 7 to 8 0 to 3 4 to 6 7 to 8 
Corn, yellow ground 30, .40 36. 39 43, .66 39, .90 48, .62  57, .00 
Soybean meal (47.5% protein) 52, .60 46. ,61 40, .34 48, .10 41, .38 34, ,00 
Meat meal (50% protein) 4. ,00 4. ,00 4. 00 4. ,00 4. 00 4, 00 
Limestone, ground 1, .00 1. ,00 1. ,00 1. ,00 1. ,00 1, 00 
Dicalcium phosphate 3. 00 3. ,00 3. ,00 3. ,00 3. ,00 3. ,00 
Salt/trace mineral^ 0. ,30 0. ,30 0. ,30 0, ,30 0. ,30 0. ,30 
Vitamin premix 0. 50 0. ,50 0, ,50 0. ,50 0. ,50 0. ,50 
DL-Methionine 0. ,20 0. ,20  0. ,20  0. ,20 0. ,20  0. ,20 
Animal tallow 8. ,00 8, 00 7. ,00 3. ,00 1. ,00 0, ,00 
Calculated analysis 
Crude protein (%) 29.6 27.0 25.0 27.9 26.0 22.8  
ME, Kcal/KG 2917 3007 3021 2719 2750 2807 
Lysine (%) 1.8 1.6 1.4 1.7 1.5 1.3 
Methionine (%) 0.55 0.56 0.54 0.63 0.56 0.52 
Calcium (%) 1.6 1.7 1.7 1.6 1.7 1.6 
Phosphorus (Av. %) 0.87 0.86 0.85 0.86 • 0.86 0.86 
ME:protein ratio 99:1 111:1 121:1 98:1 106:1 123:1 
Laboratory analysis 
Crude protein (%) 26.8 25.2 23.8 25.9 25.8 19.5 
^Supplied the following per kilogram of diet: Copper, 6 mg; iron, 
24 mg; manganese, 49 mg; potassium, 1.23 mg; sodium chloride, 2649 mg; 
zinc, 60 mg. 
^Supplied the following per kilogram of diet: Vitamin A, 8800 lU; 
Vitamin D3, 3300 lU; Vitamin E, 26,4 lU; menadione, 2.2 mg; Vitamin B}], 
13.2 yg; biotin, 110 yg; choline, 440 mg; choline chloride, 440 mg; folic 
acid, 1.1 mg; niacin, 88 mg; pantothenic acid, 19.8 mg; pyridoxine, 2.2 
mg; riboflavin, 6.6 mg. 
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Table 5. Composition of diets - Trial 4 
Dietary treatments 
Ingredients-(% of diet) High Nutrient Density Low Nutrient Density 
Growth periods (weeks) Growth period [weeks) 
0 to 3 4 to 6 7 to 8 0 to 3 4 to 6 7 to 8 
Corn, yellow ground 30, .40 36, .39 43, .66 39, .90 48, .62 57, .00 
Soybean meal (47.5% protein) 52, .60 46. 61 40, .34 48, .10 41, .38 34, .00 
Meat meal (50% protein) 4, ,00 4. ,00 4. ,00 4, .00 4, .00 4, ,00 
Limestone, ground 1. ,00 1. ,00 1, 00 1, .00 1. 00 1. ,00 
Dicalcium phosphate 3, 00 3. ,00 3. ,00 3, .00 3, .00 3. ,00 
Salt/trace mineral^ 0. ,30 0. ,30 0. ,30 0. ,30 0, .30 0. ,30 
Vitamin premix^ 0, ,50 0. ,50 0, ,50 0. ,50 0. ,50 0. ,50 
DL-Methionine 0. ,20 0. ,20 0. 20 0. ,20 0. ,20 0. ,20 
Animal tallow 8. ,00 8, ,00 7. ,00 3, ,00 1. 00 0. ,00 
Calculated analysis 
Crude protein (%) 29.6 27.0 25.0 27.9 26.0 22.8 
ME, Kcal/Kg 2917 3007 3021 2719 2750 2807 
Lysine (%) - 1.8 1.6 1.4 1.7 1.5 1.3 
Methionine (%) 0.55 0.56 0.54 0.63 0.56 0.52 
Calcium (%) 1.6 1.7 1.7 1.6 1.7 1.6 
Phosphorus (Av. %) 0.87 0.86 0.85 0.86 0.86 0.86 
ME:protein ratio 99:1 111:1 121:1 98:1 106:1 123:1 
Laboratory analysis 
Crude protein (%) 26.8 25.2 23.8 25.9 25.8 19.5 
^Supplied the following per kilogram of diet: Copper, 6 mg; iron, 
24 mg; manganese, 49 mg; potassium, 1.23 mg; sodium chloride, 2649 rag; 
zinc, 60 mg. 
^Supplied the following per kilogram of diet: Vitamin A, 8800 lU; 
Vitamin D3, 3300 lU; Vitamin E, 26.4 lU; menadione, 2.2 mg; Vitamin B12, 
13.2 yg; biotin, 110 yg; choline, 440 mg; choline chloride, 440 mg; folic 
acid, 1.1 mg; niacin, 88 mg; pantothenic acid, 19.8 mg; pyridoxine, 2.2 
mg; riboflavin, 6.6 mg. 
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Table 6. Composition of diets - Trial 5 
Dietary treatments 
Ingredients (% of diet) High Nutrient Density Low Nutrient Density 
Growth periods (weeks) Growth period (weeks) 
0 to 3 4 to 6 7 to 8 0 to 3 4 to 6 7 to 8 
Corn, yellow ground 30, .40 36, .39 43, .66 39, .90 48, .62 57, .00 
Soybean meal (47.5% protein) 52, .60 46, .61 40 .34 48, .10 41 .38 34, .00 
Meat meal (50% protein) 4, .00 4, .00 4, .00 4, .00 4, .00 4, ,00 
Limestone, ground 1, .00 1, .00 1, .00 1, .00 1. 00 1, .00 
Dicalcium phosphate 3. ,00 3, .00 3. 00 3, .00 3, .00 3. 00 
Salt/trace mineral^ 0. ,30 0. ,30 0. 30 0. 30 0. 30 0. .30 
Vitamin premix^ 0. ,50 0. ,50 0. 50 0. 50 0. 50 0. ,50 
DL-Methionine 0. 20 0. ,20 0. .20 0. .20 0. 20 0. ,20 
Animal tallow 8. ,00 8. ,00 7. ,00 3. ,00 1. 00 0. ,00 
Calculated analysis 
Crude protein (%) 
ME, Kcal/Kg 
Lysine (%) 
Methionine (%) 
Calcium (%) 
Phosphorus (Av. %) 
ME:protein ratio 
Laboratory analysis 
Crude protein (%) 26.8 25.2 23.8 25.9 25.8 19.5 
29 .6 27.0 25.0 27. 9 26.0 22.8 
117 3007 3021 2719 2750 2807 
1 .8 1.6 1.4 1. 7 1.5 1.3 
0 .55 0.56 0.54 0. 63 0.56 0.52 
1 .6 1.7 1.7 1. 6 1.7 1.6 
0 .87 0.86 0.85 0. 86 0.86 0.86 
99 :1 111:1 121:1 98: 1 106:1 123:1 
^Supplied the following per kilogram of diet: Copper, 6 mg; iron, 
24 mg; manganese, 49 mg; potassium, 1.23 mg; sodium chloride, 2649 mg; 
zinc, 60 mg. 
^Supplied the following per kilogram of diet: Vitamin A, 8800 lU; 
Vitamin D3, 3300 lU; Vitamin E, 26.4 lU; menadione, 2.2 mg; Vitamin B22, 
13.2 Mg; biotin, 110 yg; choline 440 mg; choline chloride 440 mg; folic 
acid, 1.1 mg; niacin, 88 mg; pantothenic acid, 19.8 mg; pyridoxine, 2.2 
mg; riboflavin, 6.6 mg. 
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maturity. Intervals of 0 to 3 weeks, 4 to 6 weeks and 7 to 8 weeks of 
age were used. Differences in the concentration of dietary energy were 
maintained by the incorporation or deletion of appropriate amounts of 
stabilized feed grade animal tallow, corn andCor) soybean meal. 
Live body weights and feed consumption were recorded weekly for all 
pens of poults throughout the 8 weeks of brooding. Mortality of the 
poults was recorded daily with all dead poults posted by a veterinarian 
or a poultry technician to determine the cause of death. 
All trials were terminated when the poults reached 8 weeks of age. 
Data were analyzed according to a 2 x 2 factorial arrangement of treat­
ments by the Statistical Analysis System (Barr et al., 1979). 
Trial 1 
Materials and methods 
Twelve hundred seventy-two male poults were randomly allotted to the 
12 brooding pens durng mid-October. Six pens (one side of the brooding 
room; Figure la) were exposed to either of the two brooder temperature 
treatments. Two of the six pens of poults from each scheme were fed the 
high nutrient density diet and two pens were fed the low nutrient density 
diet. Each dietary treatment was randomly allotted to the pens and, along 
with water, was provided ad libitum throughout the trial. Diet composi­
tion and nutrient analyses are provided in Table 2. The remaining two pens 
assigned to each brooder temperature treatment group were fed a screenings-
based diet and were not considered experimental units during this trial. 
In addition to the experimental constraints and conditions previous­
ly described, 8-week old poults were killed upon termination of the trial 
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to obtain carcass composition data. Six poults from each of the two pens 
per treatment were selected (each poult killed weighted near the respec­
tive pen's average live weight) and slaughtered according to a predeter­
mined procedure. To maintain consistency among carcasses relative to 
live body weights, all poults were killed by bleeding, defeathered and 
the head and part of the neck were removed. The neck was severed at a 
point 3.8 cm below the center of the eye A 5 cm incision was made across 
the abdomen to remove the viscera, heart and lungs. The abdominal adi­
pose tissue (leaf fat) remained intact with the carcass. Carcasses were 
held for laboratory analyses at a freezer temperature of -16°C. 
The carcasses were homogenized prior to any analytical procedure 
by passing each through a meat grinder^ three times. The die used 
was cast with several 1.25 cm diameter holes. After the ground material 
2 
was mixed 4 minutes in a mechanized mixer , a 500 gram sample was selected 
for carcass analyses. The dry matter content of each carcass was deter­
mined by lyophilizing the sample for 72 hours. Crude protein and carcass 
fat contents were determined by routine laboratory procedures from por­
tions of the freeze-dried samples. Protein was determined with the 
Kjeldahl method and fat was determined by the method known as Foss-let. 
Both procedures were conducted in accordance with official methods set 
forth by the Association of Official Analytical Chemists (1980). 
The latter half of this trial was conducted during unusually cold 
climatic conditions. Consequently, inside ambient temperatures during 
^Model 301GP25 grinder (Autio Manufacturing Co.). 
^Model A-200 food mixer (Hobart Manufacturing Co.). 
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this time tended to be lower than anticipated or desired (Table 1). 
Results 
The poults used in this trial were relatively consistent in average 
initial body weights (Table 7), At the end of 8 weeks (termination of 
brooding), body weights differed among treatment groups. Nutrient 
density had a significant (P<.05) effect on weight gains whereby poults 
fed the high nutrient density diet gained more weight than those fed the 
low nutrient density diet, irrespective of thermal environment. Poults 
brooded in the normal thermal environment gained numerically more weight 
than those kept in the modified thermal environment, but the main effect 
of brooder temperature was not significant. The greatest effect of 
nutrient density on weight gain occurred in the normal thermal environ­
ment, suggesting an interaction effect. Statistical analysis, however, 
did not reveal a significant interaction between nutrient density and 
thermal environment with regard to weight gain. 
Average weight gained by poults fed the high nutrient density and 
kept in the modified thermal environment was very similar to that of 
poults fed the low nutrient density and brooded normally. The average 
weight gains were 3.44 vs. 3.30 kg, respectively. 
Poults fed the high nutrient density diet consumed less feed than 
those fed the low nutrient density diet (Table 7), but the main effect 
of nutrient density was not significant. The effect of nutrient density 
on feed intake was most evident for poults brooded in the modified 
thermal environment. In addition, there was no significant main effect 
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Table 7. Effects of thermal environment and nutrient density of diets 
on body weight, feed consumption and feed efficiency 
Thermal 
Nutrient 
density Body weight, g/poult 
Feed 
intake Feed/ 
environment of diet Initial Final Gain g/poult gain 
Normal High 55 3748 3693 6890 1.87 
Low 57 3360 3303 7080 2.14 
Modified High 
Low 
55 
54 
3496 3441 
3314 3260 
6650 
7080 
1.93 
2.17 
SEM^ 182 244.5 0.01 
Source of 
variation df Probabilities of Significance 
Thermal 
environment (T) 1 NS^ NS .036 
Nutrient 
density (D) 1 .05 NS .0001 
T X D 1 NS NS NS 
^SEM = Standard error of the mean, NS = nonsignificant. 
of thermal environment on feed intake during this trial but, on the 
average, poults brooded in the modified thermal environment consumed 
less feed than those brooded normally. The fact that poults kept in the 
modified thermal environment and fed the high nutrient density diet con­
sumed the least amount of feed among the groups was suggestive of an in­
teraction effect, but the nutrient density by thermal environment 
interaction was not significant with regard to feed intake. 
The metabolizable energy (ME) and crude protein [CP) intake for 
poults of this trial are shown in Table 8. These values were calculated 
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Table 8. Effects of thermal environment and nutrient density of diets 
on nutrient efficiency and carcass composition 
Nutrient 
Kcal ME G Prot Carcass composition 
Thermal density (% of fresh weight) 
environment of diet Kg gain Kg gain % DM % CP % Fat % Ash 
Normal High 5582 
491 28.8 19.4 5.30 3.95 
Low 5949 531 27,7 19.8 3.76 3.95 
High 5782 509 28.1 19.0 4.72 3.99 
Modified 
Low 6052 542 27.2 19.9 3.28 3.85 
SEM* 6 1.8 0.70 0.66 0.66 0.24 
Source of 
variation df Probabilities of Significance 
Thermal 
environment (T) 1 .04 .04 NS^ NS NS NS 
Nutrient 
density (D) 1 .004 .001 .02 .01 .005 NS 
T X D 1 NS NS NS NS NS NS 
^SEM = Standard error of the mean, NS = nonsignificant. 
from feed consumption data (Table 7) and the laboratory dietary analyses 
(Table 2). Because feed consumption and dietary energy level varied, 
some differences occurred among treatment groups, but in general, both 
ME and CP intakes per unit weight gain were lowest for poults fed the 
high nutrient density diet. Nutrient density had a significant (P-.05) 
effect on ME intake per unit weight gain whereby poults fed the lower 
nutrient density diet consumed more ME/kg of weight gain than did the 
poults fed the high nutrient density diet. This effect was greatest for 
poults brooded in the recommended thermal environment. Energy intake 
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per unit weight was also significantly (P<.05) affected by thermal en­
vironment whereby poults kept in the modified thermal environment con­
sumed more kcals of ME/kg of weight gain than did those brooded normally. 
This effect was greatest when poults were fed the high nutrient density 
diet. The statistical analysis of these data showed no significant 
interaction (nutrient density x thermal environment) effect on energy 
intake per unit weight. 
Because the dietary energy and crude protein were maintained at con­
stant ratios between dietary treatments, very similar effects of nutrient 
density and thermal environment on protein intake as that on ME intake 
per unit weight gain occurred. The main effect of nutrient density on 
CP intake was significant (P<.05) whereby those poults fed the low nutri­
ent density diet consumed more CP/kg of weight gain than did those fed 
the high nutrient density diet. This effect was most noticeable for 
poults brooded in the recommended thermal environment. Protein intake 
per unit weight was also significantly CP<.05) affected by thermal en­
vironment whereby those poults kept in the recommended thermal environ­
ment consumed less CP/kg of weight gain than those brooded in the 
modified thermal environment. This effect was most noticeable for poults 
fed the high nutrient density diet. A significant interaction effect on 
protein intake per unit weight gain between nutrient density and thermal 
environment was not shown by the statistical analysis of these data. 
Feed conversions by poults of this trial were calculated on the 
basis of feed intake/kg of weight gain (F/G] and are shown in Table 7. 
Feed conversion values followed the same pattern among treatment groups 
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as that shown for ME intake/kg of weight gain. The statistical analysis 
of these data showed that the main effect of nutrient density on feed 
conversion was significant (P<.05). The high nutrient density diet was 
utilized more efficiently by poults than was the lower nutrient density 
diet. This effect was the same, irrespective of thermal environment. 
The main effect of thermal environment on feed conversion was also sig­
nificant CP--05) whereby poults brooded in the recommended thermal en­
vironment utilized feed more efficiently than those kept in the modified 
thermal environment. This effect was most evident for poults fed the 
high nutrient density diet. The statistical analysis of the data showed 
no significant interaction effect between nutrient density and thermal 
environment. 
The results of the carcass analyses (Table 8] showed that the car­
casses highest in dry matter content were also highest in fat but were 
the lowest in protein content. The statistical analyses of these results 
revealed no significant interaction effect of nutrient density by thermal 
environment was present for any of the carcass components listed in Table 
8. Furthermore, neither carcass dry matter, protein, fat nor ash con­
tents were significantly influenced by thermal environment. These car­
cass components, with the exception of ash, were, however, significantly 
affected by dietary nutrient density. 
The main effect of dietary nutrient density on carcass fat content 
was significant (P<.05) and the effect was the same for either thermal 
environment group. The high nutrient density diet increased carcass fat 
content by an average of 1.5 percentage units during the 8 weeks of 
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brooding. Even though the carcass fat content was not significantly af­
fected by thermal environment, the average fat content of the carcasses 
was 0.5 percentage units less in poults brooded in the modified thermal 
environment than in poults brooded normally. 
Carcass protein content was also significantly (P<.05) influenced by 
dietary nutrient density but in a somewhat different manner than carcass 
fat. The high nutrient density diet decreased average carcass protein by 
.65 percentage units. The effect was slightly greater when poults were 
kept in the modified thermal brooder environment. As with carcass fat 
content, carcass protein content was not significantly affected by ther­
mal environment, but the greatest effect of thermal environment occurred 
when poults were fed the high nutrient density diet. In this instance, 
the carcasses of poults kept in the modified thermal environment con­
tained the lowest percentage of protein (Table 8). 
Livability of poults was relatively good, by industry standards, for 
all treatment groups, but differences in mortality rates had occurred by 
8 weeks of brooding. Mortality data are presented in Table 9 for the 
brooding period 0 to 8 weeks of age and exclude those poults diagnosed as 
"starve-outs" during the first week of brooding. The statistical analy­
ses of these data were performed according to the chi-square method 
(Gill, 1978). 
The large contrast between mortality rates within each thermal 
treatment, but in opposing directions, further augmented that an inter­
action effect between nutrient density and thermal environment on 
mortality rate may have existed. 
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Table 9. Mortality rates of turkey poults from 0 to 8 weeks of age 
Thermal 
environment 
Nutrient density 
of diet 
Brooding mortality 
(%) 
High 3.30 
Normal^ 
Low 1.43 
h High 1.89 
Modified" Low 3.41 
^P<.34. 
Discussion 
Even though cold climatic conditions prevailed at times during this 
trial and caused cool house conditions (Table 1), poult performance was 
not adversely affected. In fact, poult growth to 8 weeks of age was con­
sidered exceptionally good among all treatment groups. Poults fed the 
high nutrient density diet, however, grew numerically faster than those 
fed the lower nutrient density diet. 
Because the main effect of thermal environment was not significant 
with regard to weight gains and because there was no significant interac­
tion (nutrient density x thermal environment) effect, nutrient density 
apparently had the greatest influence on growth rate. The modified ther­
mal environment suppressed growth on the average by only 66 grams during 
the 8-week trial, whereas feeding the lower nutrient density diet im­
paired average growth of poults by 130 grams. 
The collective (weight gain and carcass composition) data reported 
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herein suggested that differences in weight gains that occurred among 
treatment groups with regard to nutrient density were due primarily to 
the differences in concentrations of energy (animal tallow) in the diets. 
These data supported the contention that animal fats and blends of ani­
mal fat and vegetable oil in the diet are effective in improving weight 
gains of juvenile turkeys. Both Owen and Waldroup (1979) and Sell and 
Owings (1981) reported such improvements in weight gain when the poults 
were fed diets containing animal fats and were grown in recommended 
thermal environments. The data reported herein indicated that even when 
poults were brooded in cooler than recommended thermal environments, 
improvements in their weight gains occurred as a result of feeding diets 
more concentrated in energy (animal fat). 
Generally, exposure to ambient temperatures below the thermo-
neutral range results in increased feed intake by animals. Several 
studies (Prince et al., 1961; Deaton et al., 1973; DeShazer et al., 
1974; Hurwitz et al., 1980; Hurwitz and Bengal, 1982) showed that juve­
nile poultry responded in this way when subjected to cool ambient 
temperatures. Feed intake by poults in the current study did not follow 
the expected pattern. Modified thermal environment did not increase 
feed intake by poults of either dietary nutrient density treatment 
group. Feed intake, on the average, was numerically greater by poults 
brooded in the recommended thermal environment than that of poults kept 
i"n the cool environment. 
More frequent huddling was observed among poults kept in the cooler 
environment and may have contributed to the lower feed intakes, but the 
differences shown (Table 7) between average feed intakes by the differ­
ent thermal groups from 0 to 8 weeks do not reflect any periodic (0 to 
3, 4 to 6 or 7 to 8 weeks) differences that occurred. Feed intake data 
obtained, but not shown herein, showed that poults kept in the modified 
thermal environment consumed, on the average, the same amount of feed 
as those brooded normally during the first 3 weeks. Hence, poults of 
the current study did not adjust their feed (energy) intakes to compen­
sate for body heat losses that may have occurred during the first 3 weeks 
of brooding. This observation was in agreement with the contentions by 
both DeShazer et al. (1974) and Kotrbacek (1977). They contended that 
poults younger than 3 weeks of age do not adjust feed intake sufficient­
ly to compensate for increased energy needs when they are exposed to re­
duced brooder heats. The greatest differences (125 grams) between 
average feed intakes by the two thermal groups in the current study oc­
curred during the final (7 to 8 weeks) stage of brooding. Poults kept 
in the modified thermal environment consumed the least amount of feed. 
The average difference between feed intakes from 0 to 8 weeks (Table 7) 
by these groups was 120 grams. Thus, the contention that the lower 
average feed intake by poults kept in the cooler environment may have 
been due to huddling at least during the first 5 weeks, seemed unlikely. 
Apparently some other factor was responsible for the lower average 
feed intake by poults kept in the modified thermal environment. Even 
though poults fed the high nutrient density diet and brooded in the 
cooler environment consumed considerably less feed than those fed the low 
nutrient density, the interaction effect between these factors on feed 
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intake was not significant. However, the lack of expected extra feed in­
take by these poults may have been because the ambient temperature was 
still above the lower boundary of thermoneutrality during this stage of 
brooding (7 to 8 weeks of age). If so, this suggested that these poults 
had acclimated and did not need to adjust their feed (energy) intake. 
Sturkie (1965) suggested that long-term exposure to a cooler environ­
ment could alter the breadth of the thermoneutral range of a given bird. 
The similarity between average carcass fat content as well as 
average carcass protein content of poults for the two thermal treatment 
groups indicated that ingested nutrients were utilized for growth [tis­
sue deposition) in a similar manner. This suggested that poults kept in 
the modified thermal environment were adapted and felt comfortable in 
the cooler environment. Also brooding poults in cooler than recommended 
temperatures did not seem to alter body composition with regard to 
carcass fat and protein contents at 8 weeks of age. 
The concept that the body maintenance requirement for energy changes 
with environmental temperature changes below thermoneutrality and that 
the energy requirement for production remains constant during these 
changes has been suggested by Byerly et al., 1978, as cited by Hurwitz 
et al. (1980) and Balnave et al. (1978), according to Hurwitz et al. 
(1980). Hurwitz et al. (1980) and Hurwitz and Bengal (1982) have sug­
gested that production, described as weight gain by the juvenile turkey, 
required 700 kcal of energy/kg of weight gain. The application of this 
suggested requirement to the results of the data reported herein showed 
that poults kept in the modified thermal environment had, on the average, 
50 
the greatest requirement for maintenance energy. In this instance, the 
poults required 256 kcal more per poult than did the poults brooded 
normally. Apparently, a portion of the organic nutrients consumed by 
these poults was used to support increased rates of body metabolism for 
heat production rather than weight gain. The increased rates of 
metabolism occurred because greater amounts of body heat were being lost 
to the cooler thermal environment even though they had acclimated. The 
poults kept in the modified thermal environment gained less weight than 
those kept in the recommended environment because feed energy intake 
was not enough to offset the requirement for additional maintenance 
energy to maintain homeothermy. 
Curtis (1983) suggested that if feed energy intake does not in­
crease, energy gained by the body [protein and fat accumulations) would 
be less when animals are exposed to environmental temperatures below the 
lower boundary of thermoneutrality because of the heat production re­
quired to maintain homeothermy. He also suggested that weight gain may 
not increase even with increased feed intake during exposure to cooler 
environments. 
It was noted, however, that poults fed the high nutrient density 
diet had a lesser need for maintenance energy, irrespective of thermal 
environment, than did poults fed the lower nutrient density diet. 
Furthermore, poults kept in the modified thermal environment and fed the 
high nutrient density diet had a lesser need for maintenance energy than 
poults brooded normally and fed the lower nutrient density feed. These 
data suggested that enough maintenance energy had been conserved by the 
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former poults to subsequently produce the additional weight they gained 
by 8 weeks of age. Thus, feeding diets with high nutrient densities, 
particularly when attempting to brood poults in cooler brooder environ­
ments, could be economically beneficial even though the increased rates 
of metabolism (heat production) had a detrimental effect on feed effi­
ciency. The somewhat poorer feed efficiency of poults brooded in the 
modified thermal environment was probably the result of a combination of 
factors. 
The data of the trial reported herein suggested that had the poults 
kept in the modified thermal environment consumed "extra" feed [4 per­
centage units), as expected, they would have gained weight equal to that 
by the poults brooded normally, assuming feed was converted as shown by 
these poults. 
Both Sturkie (1965) and Kotrbacek (1977) suggested that high brooder 
temperatures were required during the first 2 to 4 weeks of brooding to 
assist the poult in maintaining its normal deep core body (cloacal) tem­
perature. The mortality data of the trial reported herein indicated that 
none of the treatment groups of poults were overly stressed. The poults 
fed the high nutrient density diet and brooded normally experienced a 
numerically greater death loss (3,3% vs. 1.4%) than poults fed the lower 
nutrient density diet and kept in the same environment. However, the 
poults fed the high nutrient density diet and brooded in the modified 
thermal environment experienced a numerically lower death loss (1.9% vs. 
3.4%) than the poults fed the lower nutrient density diet and kept in the 
same environment. 
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Although cloacal temperatures of the poults were not taken, rates of 
mortality among poults, on the average, were very similar for the two 
thermal environments tested. Average poult mortality was 2.35% in the 
recommended thermal environment and 2.65% in the modified thermal environ­
ment. In addition, it should be noted that neither antibiotics nor other 
growth promoting medicines were used at any time during the brooding peri­
od. Even though mortality was relatively low for each treatment group and 
no statistically significant difference occurred between dietary treat­
ments within each thermal treatment, some interaction effect was appar­
ently present. The flip-flop of nutrient density effect on mortality 
appeared to be dependent upon thermal environment. In spite of the pos­
sible interaction effect, livability was as good in the modified (cooler) 
thermal environment as it was in the recommended thermal environment. 
The combined results (growth, feed intake, carcass composition and 
livability of poults) of the trial reported herein indicated that turkeys 
can be brooded successfully in a modified thermal environment. In the 
modified environment, the initial (week 1) brooder temperature was 5.6°C 
cooler than that normally recommended for brooding. Thereafter, the 
brooder temperature was reduced 2.8°C weekly until room temperature was 
reached (week 6). From weeks 2 to 6, brooder temperature of the normal 
environment also was reduced 2.8°C weekly. 
Trial 2 
Materials and methods 
Twenty-four hundred male poults were randomly allotted to 12 brood­
ing pens during mid-March. Six pens (one side of the brooding room; 
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Figure la} were exposed to either of two brooder temperature schemes. 
Three of the six pens of poults from each temperature scheme were fed the 
high nutrient density diet and three pens were fed the low nutrient densi­
ty diet. Each dietary treatment was randomly allotted to the pens and, 
together with water, was provided ad libitum throughout the trial. Diet 
compositions and nutrient analyses of the diets are shown in Table 3. 
In addition to the previously described conditions and procedures 
for this experiment, provisions were made to measure electrical energy 
consumption during brooding. An electrical current monitoring meter 
of a standard service variety was installed for each bank of six brooder 
heaters. Electricity consumption was recorded daily at 0800 hours 
throughout the trial. 
Carcass analyses data were obtained from each treatment group of 
poults in the same manner described for Trial 1. 
Results 
The poults obtained for this trial were relatively consistent in 
average initial body weights [Table 10). At the end of 8 weeks of brood­
ing, body weight gains were noticeably different among treatment groups. 
Nutrient density had a highly significant (P^.Ol) effect on weight gains 
whereby poults fed the high nutrient density diet gained more weight 
than those fed the low nutrient density diet, irrespective of thermal 
environment. This effect was most noticeable for poults brooded in the 
normal thermal environment. Thermal environment had a significant CP--04) 
effect on weight gains whereby poults brooded in the normal thermal 
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Table 10. Effects of thermal environment and nutrient density of diets 
on body weight, feed consumption and feed efficiency 
Thermal 
Nutrient 
density 
Body weight. g/poult Feed 
intake Feed/ 
environment of diet Initial Final Gain g/poult gain 
Normal 
High 55 3637 3582 6000 1.68 
Low 54 3391 3337 6310 1.89 
Modified 
High 
Low 
53 
56 
3491 
3310 
3438 
3254 
5900 
6180 
1.72 
1.90 
SEN* 109 126 0.12 
Source of 
variation df Probabilities of Significance 
Tliermal 
environment (T) 1 .04 NS^ .02 
Nutrient 
density (D) 1 .001 .001 .0001 
T X D 1 NS NS NS 
^SEM = Standard error of the mean, NS = nonsignificant. 
environment gained more weight than those kept in the modified thermal en­
vironment, irrespective of dietary nutrient density. In this instance, 
however, the effect was greatest in poults fed the high nutrient density 
diet, which suggested a potential interaction effect was present. 
Statistical analyses of the data did not, however, support this conten­
tion as no significant interaction effect between nutrient density and 
thermal environment was detected with regard to weight gains. 
Weight gains achieved by poults fed the high nutrient density diet 
and brooded in the modified thermal environment were very similar to 
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those achieved by poults fed the low nutrient density diet and kept in 
the normal thermal environment. The weight gains achieved by these groups 
were 3.4 vs. 3.3 kg, respectively. This response was the same pattern of 
growth that emerged for these respective treatment groups during Trial 1. 
In fact, the weight gains for the respective treatments were identical 
between trials. 
Nutrient density of the diet had a highly significant (P<.001) effect 
on feed intake by poults whereby poults fed the high nutrient density 
diet consumed the least feed, irrespective of thermal environment (Table 
10). The effect of nutrient density on feed intake was quite similar 
between thermal treatment groups (309 vs. 277). 
Even though the effect of thermal environment on feed intake by 
poults in this trial was not significant, it was noted that poults kept 
in the modified thermal environment consumed the least amount of feed. 
This was contradictory to pretrial expectations; the response occurred 
in both dietary treatment groups and in nearly equal amounts. The simi­
larity of poult responses to the effects of the variations in the experi­
mental factors tested was quite suggestive that very little interaction 
occurred between nutrient density and thermal environment. Statistical 
analysis of the feed intake data showed that no significant interaction 
was present. 
The metabolizable energy (ME) and crude protein (CP) intake values 
shown in Table 11 were calculated in the same manner as described for 
Trial 1. These data showed that poults fed the high nutrient density 
generally consumed more ME and CP per unit weight gain among the treatment 
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Table 11. Effects of thermal environment and nutrient density of diets 
on nutrient efficiency and carcass composition 
Thermal 
Nutrient 
density 
Kcal ME G Prot Carcass composition 
C% of fresh weight) 
environment of diet Kg gain Kg gain % DM % CP % Fat % Ash 
Normal 
High 5494 427 29.82 19.2 6.22 3.86 
Low 5341 478 28.46 • 19.6 4.30 3.86 
Modified 
High 
Low 
5625 
5359 
438 
480 
29.38 
28.85 
19.8 
19.6 
5.77 
4.91 
4.01 
3.92 
SEM* 7 2 0.34 0.29 0.41 0.16 
Source of 
variation df Probabilities of Significance 
Thermal 
environment (T) 1 NS^ NS NS NS NS .04 
Nutrient 
density (D) 1 .03 .0001 .001 NS .001 NS 
T X D 1 NS NS NS NS NS NS 
^SEM = Standard error of the mean, NS = nonsignificant. 
groups. Nutrient density had a significant (P<.05) effect on the ME in­
take per unit of weight gained whereby poults fed the high nutrient 
density diet consumed more ME than poults fed the low nutrient density, 
irrespective of thermal environment. This effect was greatest for poults 
kept in the modified thermal environment. Thermal environment did not 
have a significant influence on ME intake per unit weight gain, but those 
poults brooded normally consumed less ME per unit weight gain, on the 
average, than poults kept in the modified thermal environment. In this 
instance, poults fed the high nutrient density showed the greatest 
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difference in ME intake. 
The fact that poults fed the low nutrient density consumed less ME 
per unit weight gain than those fed the high nutrient density diet, par­
ticularly when kept in the modified thermal environment, suggested an 
interaction effect between experimental factors was present. Statistical 
analysis of the data showed, however, that a significant nutrient density 
by thermal environment effect was not present with regard to energy in­
take per unit gain. 
Similar main effects of nutrient density and thermal environment on 
protein intake as that on energy intake per unit weight gain occurred. 
Nutrient density had a significant (P<.05) effect on protein intake where­
by poults fed the high nutrient density diet consumed less protein per 
unit weight gain than poults fed the low nutrient density diet, irrespec­
tive of thermal environment. This effect was quite similar to the differ­
ent thermal environments. The main effect of thermal environment was not 
significant with regard to protein intake per unit weight gain, but poults 
brooded normally and fed the high nutrient density diet consumed the 
least protein per unit gain among treatment groups. Even so, any inter­
action effect present between nutrient density and thermal environment on 
protein intake was not significant. 
Feed conversions by the poults of this trial were calculated in the 
same manner as described for Trial 1 and are shown in Table 10. The 
statistical analysis of these values showed that the main effect of 
nutrient density on feed conversion was highly significant CP<.0001). 
The high nutrient density diet was utilized more efficiently than the 
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low nutrient density diet, irrespective of thermal environment. This 
effect of nutrient density on feed conversion was nearly the same in 
each brooder temperature treatment. The main effect of thermal environ­
ment, however, on feed conversions was not significant. In fact, feed 
conversions shown by poults fed the low nutrient density diet were nearly 
identical for the two brooder temperature treatments. No significant 
interaction effect between nutrient density and thermal environment 
occurred with regard to feed conversions. 
The carcass analyses (Table 11) showed that the carcasses highest in 
dry matter content were also highest in fat content; the same pattern as 
was shown by carcasses from Trial 1. Crude protein, however, was more 
variable among carcasses of this trial and did not follow the same trend 
as that described for carcasses of Trial 1. The statistical analyses of 
the carcass components showed no significant interaction effect between 
nutrient density and thermal environment was present with regard to any 
of the components listed. The statistical analyses indicated, however, 
that in the case of carcass dry matter, crude protein and fat, an inter­
action effect on each approached significance (P<.07, .07 and .10, re­
spectively) . 
Only carcass ash content was significantly (P<.04) influenced by 
thermal environment. In this instance, those carcasses from poults kept 
in the modified thermal environment contained numerically more ash con­
tent than carcasses of poults brooded normally. This effect was similar 
for both dietary treatments. Carcass dry matter and fat were, however, 
significantly [PS.001) influenced by nutrient density of the diet. The 
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percent of carcass as dry matter and as fat were highest in those poults 
fed the high nutrient density diet, irrespective of thermal environment. 
The high nutrient density diet increased average carcass fat content by 
1.39 percentage units, an amount quite similar to the increase in fat 
content (1.5 percentage units) shown for carcasses of Trial 1. 
Even though the main effect of thermal environment on carcass fat 
content was not significant, a difference in the accumulation of fat 
existed between thermal treatments. Those poults kept in the modified 
thermal environment and fed the low nutrient density diet had a greater 
percentage of carcass fat than those brooded normally and fed the low 
nutrient density diet. The opposite response was observed with poults 
fed the high nutrient density diet. Those brooded normally had a greater 
percentage of carcass fat than those kept in the cooler environment. 
A much higher level of mortality (Table 12) in poults occurred in 
this trial as compared with Trial 1. The increased mortality was due pri­
marily to a bacterial infection borne by the poults prior to placement. 
The majority of death losses occurred within the first week of brooding 
(Table 12). Because of this incidence, the brooding period was divided 
into two phases (1 to 7 days and 8 to 56 days) for statistical reporting 
purposes. The statistical analyses of the death losses were performed 
according to the chi-square method (Gill, 1978). During the first week 
of brooding, when death losses were most severe, poults kept in the 
modified thermal environment experienced more than a 2.5-fold increase 
over those brooded normally, irrespective of dietary treatment. The 
same mortality rate occurred within each dietary treatment group. 
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Table 12, Mortality rates of turkey poults from 0 to 8 weeks of age 
Thermal Age Nutrient density Brooding mortality 
environment (days) of diet (%) 
High 6.67 
Normal^ 1 to 7 
Low 6.50 
h High 17.0 
Modified 1 to 7 
Low 17.5 
High 2.86 
Normal^ 8 to 56 Low 4.28 
d High 2.21 
Modified 8 to 56 
Low 2.42 
High 9.33 
Normal® 1 to 56 Low 10.5 
f 
High 18.8 
Modified 1 to 56 Low 19.5 
*P<1.0. 
''P<.88. 
Gps.26. 
dp<.99. 
®P<.45. 
^P<.41. 
Death losses occurred at much reduced rates from 8 through 56 days 
of age. During this time period, even though death losses were more in 
line with expectations, those poults brooded normally experienced a 
numerically greater loss than those kept in the modified thermal environ­
ment, irrespective of dietary treatment. 
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Overall (1 to 56 days) poult mortality was nearly doubled for those 
kept in the modified thermal environment over that for poults brooded 
normally (Table 12). Poults fed the low nutrient density diet experi­
enced a numerically, but nonsignificant, greater loss than those fed the 
high nutrient density diet and the difference was nearly the same in 
each thermal environment. 
The electricity (kW-h) used by the brooding heater units is shown 
in Table 13. The kW-h of electrical energy consumed by the heaters for 
the normal brooder temperature scheme over the 8 weeks was 4440. In 
contrast, 2330 kW-h of electrical energy was used by the heaters for the 
modified temperature scheme during the same period. The unit cost per 
kW-h of electricity was quoted as 4.23 cents during this trial. Thus, 
electrical energy consumption costs were $187.81 and $98.56 for the 
normal arid modified brooder temperature schemes, respectively. 
Discussion 
Even though a relatively high death loss was experienced among poults 
during the first week, performance of the recovered poults (which 
received no medical treatment) by 8 weeks of age was considered 
exceptionally good (Table 10) by industry standards. The weight gains 
shown for the treatment groups compared favorably with the respective 
groups from the previous trial. In fact, the patterns of weight gain 
among respective groups were identical between the two trials. In con­
trast, however, the main effect of each experimental factor (nutrient 
density and thermal environment) was significant with regard to weight 
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Table 13. Electricity consumption by brooding heaters from 0 to 8 
weeks 
Treatment 
Energy/week ÇkW-h)^ 
8 Total 
Normal 
temperature 1164 923 813 702 407 316 115 0 4440 
Modified 
temperature 850 710 590 160 10 10 0 0 2330 
^4.23 cents per Kilowatt hour. 
gain in this trial, whereas in Trial 1, only nutrient density had a 
significant effect. 
The absence of a statistically significant interaction in this 
trial indicated that each experimental factor influenced weight gain 
independently, but it seemed nutrient density was considerably more in­
fluential than was thermal environment. The modified thermal environ­
ment suppressed average growth by 111 grams, whereas feeding the low 
nutrient density diet impaired average growth by 219 grams. 
The fact that feeding the high nutrient density diet promoted great­
er gains in poults, irrespective of the thermal environment, was in 
agreement with the contention of both Owen and Waldroup (1979) and Sell 
and Owings (1981). In their studies, growth of juvenile turkeys was 
improved by feeding diets containing fats and oils. The weight gain 
results of this trial also agreed with the observations of Trial 1. 
Increased dietary energy concentration (animal tallow) improved growth 
even when poults were maintained in cooler than recommended brooder 
temperatures. 
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The poults of this study did not follow expected feed intake pat­
terns. Exposure of poults to the modified brooder temperatures did not 
lead to extra feed intake by poults fed either dietary treatment. In 
fact, poults of the current study responded in a very similar manner as 
those of the respective treatment groups reared during Trial 1. Average 
feed intake was numerically greater by poults brooded in the recommended 
thermal environment than that by poults kept in the cooler environment. 
The difference in average feed intakes during the 8 weeks of brooding 
was 115 grams (in Trial 1, the difference was 120 grams] but this did 
not reflect any periodic (0 to 3, 4 to 6 or 7 to 8 weeks) differences 
that occurred during brooding. Feed consumption data recorded during 
these different stages indicated that over half of the observed dif­
ference occurred during the final (7 to 8 weeks) stage of brooding. 
This observation suggested that very little adjustment in feed intake 
occurred during the earlier stages (0 to 6 weeks) by poults kept in the 
cooler environment. In spite of the fact that some huddling had been 
observed during the earlier stages of brooding, it seemed unlikely that 
huddling was a major factor contributing to the lower average feed in­
take by these poults. 
The lack of any significant interaction between nutrient density and 
thermal environment with regard to feed intake suggested that poults 
kept in the cooler environment had acclimated by 6 weeks and did not 
need to increase feed intake, as was expected, during this trial. The 
energy needed for body maintenance, however, had apparently increased 
during this time because average weight gains were numerically suppressed 
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in poults kept in the modified thermal environment. 
Assuming that 700 kcal of ME are required per kilogram of weight 
gain, as suggested by Hurwitz et al. (1980, 1982), then poults kept in 
the modified thermal environment of the current study had a somewhat 
greater need for maintenance energy than those brooded normally. In this 
instance, the former poults used 153 kcal more per poult than the latter 
poults. On the average, ME intake data (Table 11) showed poults kept in 
the cooler environment consumed the most ME per unit weight gain. But, 
because these poults had become accustomed to the cooler temperatures, 
they did not increase feed (energy) intake; so homeothermy was maintained 
at the expense of growth (weight gain). 
The fact that average feed utilization (Table 10) by poults kept in 
the cooler environment was nearly equal to that by poults brooded in the 
recommended environment also suggested that they grew at a slower rate 
because the maintenance requirement for energy was increased. Thus, it 
seemed that poults kept in the modified thermal environment were not 
induced to increase feed (energy) consumption during the latter stages 
of brooding. 
Even though poults brooded normally were slightly more efficient than 
those kept in the modified thermal environment, very little real differ­
ence between average feed conversion rates occurred for the two thermal 
treatment groups. This lack of difference seemed to be in agreement with 
the contention (based on growth and feed intake) that the latter group of 
poults had acclimated over the long-term exposure to the cooler environment. 
It might be argued that shivering by poults kept in the cooler 
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environment could offset increased rates of body heat loss. Shivering 
has long been suggested as an act of physical thermoregulation in poultry. 
The increased muscular activity generates increased metabolic heat pro­
duction to offset body heat losses in thermal environments below thermo-
neutrality. But, shivering to maintain homeothermy over an extended 
period of time seemed unlikely as the poults would have had to shiver 
constantly. Such an increased amount of muscular activity, it seemed, 
would have eventually demanded extra energy and it would have had to 
come from extra feed intake, or be extracted from body reserves (fat 
and(or) protein tissues). The fact that average body (carcass) fat and 
average body protein contents were quite similar, respectively, between 
carcasses from the different thermal treatment groups suggested that 
body reserves were not expended to any great extent but that simply 
less tissue was being deposited. In addition, the similarity between 
average carcass fat as well as average carcass protein content of poults 
for the two thermal treatment groups indicated that ingested nutrients 
were utilized for tissue deposition (growth) in a very similar manner. 
This suggested that brooding poults in the cooler than recommended en­
vironment did not alter body composition to 8 weeks of age. And, shiver­
ing, if it occurred at all, seemed to play only a minor role in thermo­
regulation in poults kept in the cooler environment. In addition, those 
poults fed the high nutrient density and kept in the cooler environment 
were more efficient than poults fed the low nutrient density and brooded 
in the recommended environment. 
The bacterial infection brought in with the poults placed in the 
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current study was considered responsible for the dramatically increased 
mortality experienced early in the trial. The infection seemed to run 
its course within the first week of brooding. Poults that survived the 
infection were not overstressed by the cooler environment. Mortality 
rate among poults, on the average, was numerically greater for poults 
brooded normally. These results suggested that the livability of healthy 
poults would not be adversely affected by exposure to modified (cooler) 
thermal environments during brooding. 
The supplemental fuel energy (electricity) conservation was enhanced 
considerably during the trial reported herein. Brooding poults under 
reduced heats from 0 to 8 weeks of age resulted in supplemental energy 
savings of 2110 klV-h of electricity, or approximately 50% less energy 
was used to brood juvenile turkeys in a cooler than normally recommended 
brooder environment. 
The combined results (growth, feed intake, carcass composition and 
livability of poults) of the current study indicated that healthy juvenile 
turkeys could be brooded successfully in a modified (reduced) thermal en­
vironment with enhanced supplemental energy conservation. IVhen the ini­
tial (week 1) brooder temperature was 5.6°C cooler than that normally 
recommended and reduced 2.8°C weekly thereafter, until room temperature was 
reached, growth and health of juvenile turkeys was not adversely affected. 
Trial 3 
Materials and methods 
Twelve hundred male poults were randomly allotted to 12 brooding 
pens during mid-October. Six pens (one side of the brooding room; 
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Figure la) were exposed to either of two brooder temperature schemes. 
Three of the six pens (one bank) of poults were fed the high nutrient 
density diet and the other three pens were fed the low nutrient density 
diet. Each dietary treatment was randomly allotted to the pens and, to­
gether with water, was provided ad libitum throughout the trial. Diet 
composition and nutrient analyses are shown in Table 4. 
In contrast to Trial 1, weather conditions were seasonally normal 
during this trial; consequently, brooder house temperature was main­
tained at normal levels. 
All experimental conditions and procedures previously described were 
maintained during the trial reported here. Poults were killed for carcass 
composition determinations,but the analyses were not usable because the 
laboratory data were incorrect. The carcass samples were disposed of 
before this was discovered. 
Results 
The effects of thermal environment and nutrient density of the diet 
on growth, feed intake and feed utilization by male poults are shown in 
Table 14. Poults obtained for this trial were consistent in average 
initial (day of age) live body weight. At 8 weeks of age (the termina­
tion of brooding), average body weights differed among treatment groups. 
Nutrient density had a significant (P<.05) effect on weight gains whereby 
poults fed the high nutrient density diet gained more weight than those 
fed the low nutrient density diet, irrespective of thermal environment. 
The nutrient density effect on weight gains was the same for poults kept 
68 
Table 14. Effects of thermal environment and nutrient density of diets 
on body weight, feed consumption and feed efficiency 
Thermal 
Nutrient 
density Body weight. g/poult 
Feed 
intake Feed/ 
environment of diet Initial Final Gain g/poult gain 
Normal 
High 61 3183 3122 5560 1.78 
Low 61 2942 2881 5590 1.94 
Modified 
High 
Low 
59 
59 
3098 
2869 
3039 
2810 
5460 
5640 
1.80 
2.01 
SEM^ 90 115 0.09 
Source of 
variation df Probabilities of Significance 
Thermal 
environment CT) 1 .04 NS^ .02 
Nutrient 
density (D) 1 .0001 NS .0001 
T X D 1 NS NS NS 
^SEM = Standard error of the mean, NS = nonsignificant. 
in either thermal environment. Brooder temperature had a significant 
[PS.05) effect on weight gains whereby poults kept in the normal thermal 
environment gained more weight than those kept in the modified thermal 
environment, irrespective of dietary treatment. This effect was the 
same for poults fed either nutrient density diet. No significant inter­
action effect between nutrient density and thermal environment on weight 
gains was found according to the statistical analysis of the growth data. 
Poults fed the high nutrient density diet and kept in the modified 
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thermal environment gained numerically more weight than poults fed the 
low nutrient density diet and brooded normally. The weights gained were 
3.04 vs. 2.88 kg, respectively. This was the same growth pattern that 
occurred in the previous two trials for these respective groups. 
The main effect of nutrient density on feed intake by the poults was 
not significant (Table 14). However, those poults fed the low nutrient 
density diet consumed numerically more feed than those fed the high 
nutrient density diet, irrespective of thermal environment. The effect 
of nutrient density on feed intake was most evident in the modified 
thermal environment. In addition, there was no significant main effect 
of thermal environment on feed intake. Average feed intake by poults 
was quite similar between thermal treatment groups. However, poults fed 
the high nutrient density diet and exposed to the modified thermal en­
vironment consumed the least feed of all treatment groups, suggesting an 
interaction effect. Statistical analysis did not reveal a significant 
interaction effect of nutrient density and thermal environment with re­
gard to feed intake. 
Metabolizable energy (ME) intake per unit of weight gain was not 
influenced by nutrient density of the diets, but the poults fed the low 
nutrient density, irrespective of thermal environment, consumed numeri­
cally more ME/kg of weight gained (Table 15). Thermal environment had a 
significant (PS.05) effect on ME intake whereby poults kept in the modi­
fied thermal environment consumed more ME per unit of weight gain than 
did poults brooded normally, irrespective of dietary treatment. The fact 
that poults fed the low nutrient density and kept in the modified thermal 
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Table 15. Effects of thermal environment and nutrient density of diets 
on nutrient efficiency 
Thermal 
environment 
Nutrient density 
of diet 
Kcal ME 
Kg gain 
G Protein 
Kg gain 
Normal 
High 
Low 
5623 
5637 
442 
443 
Modified 
High 
Low 
5674 
5838 
444 
458 
SEM* ,5.1 1.3 
Source of 
variation 
df Probabilities of Significance 
Thermal 
environment (T) 1 NS^ .02 
Nutrient 
density (D) 1 .02 .03 
T X D 1 NS NS 
^SEM = Standard error of the mean, NS = nonsignificant. 
environment consumed noticeably more energy per unit gain than any other 
treatment group suggested an interaction effect. No statistically sig­
nificant interaction effect between nutrient density and thermal environ­
ment with regard to energy intake per unit weight gain was detected. 
The pattern of protein (CP) intake per unit weight gain among treat­
ment groups was the same as that shown for ME intake (Table 15). Nutrient 
density had a significant (PS.05) effect whereby poults fed the low 
nutrient density diet consumed more CP/kg of weight gain than those 
poults fed the high nutrient density diet. The nutrient density effect 
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on protein intake was most evident for poults kept in the modified 
thermal environment. The main effect of thermal environment was also 
significant (P<.05) on CP intake per unit weight gain. In this 
instance, irrespective of dietary treatment, poults brooded normally 
consumed less CP/kg weight gain than poults kept in the modified 
thermal environment. This effect was most noticeable in poults fed 
the low nutrient density. Those poults fed the low nutrient density 
diet and kept in the modified thermal environment consumed notice­
ably more CP/kg weight than all other treatment groups. This response 
was suggestive of an interaction effect between nutrient density and 
thermal environment. Statistical analysis showed an interaction 
effect that approached significance (PS.07). The fact that nutri­
ent density of the diet had a significant (PS.05) effect on CP in­
take but not on ME intake per unit of weight gain may be attributed 
to different ME/CP ratios of the diets. Laboratory analyzed ME 
and CP values were used to calculate the consumption of these nutri­
ents. 
Feed conversions by poults of this trial were determined on the same 
basis as those given in the previous trials and are shown in Table 14. 
The main effect of nutrient density on feed conversion by poults was sig­
nificant (P<.05). The high nutrient density diet was utilized more effi­
ciently than was the low nutrient density diet, irrespective of thermal 
environment. This effect was slightly more evident with poults kept in 
the recommended thermal environment. Thermal environment had a signifi­
cant (P<.05) effect on feed conversion whereby poults brooded normally 
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showed a slightly better feed conversion rate than those kept in the modi­
fied thermal environment, irrespective of dietary treatment. This effect 
was more noticeable for poults fed the low nutrient density diet. No 
significant interaction effect between nutrient density and thermal en­
vironment with regard to feed conversion was shown by the statistical 
analysis. 
Livability of poults during the brooding period was very satisfac­
tory, by industry standards, for all treatment groups (Table 16). The 
chi-square method (Gill, 1978) of statistical analyses of the death loss 
of poults showed that no significant difference occurred between dietary 
treatment groups within each thermal treatment. The poults kept in the 
modified thermal environment and fed the low nutrient density diet had 
the greatest death loss of all treatment groups, but the impact of the 
thermal environment effect on mortality seemed to be dependent upon 
nutrient density of diet. However, no test for interaction effect was 
performed. 
Electrical energy (kW-h) used by the brooding heaters of this trial 
is shown in Table 17. The brooding heaters used in the modified thermal 
environment treatment consumed 4264 kW-h of electricity to maintain 
brooder temperatures whereas those used in the recommended thermal en­
vironment consumed 5960 kW-h of electricity. 
Discussion 
In comparison with the performance of poults reared during the first 
two trials, growth rate of poults of this trial was not as rapid. 
73 
Table 16. Mortality rates of turkey poults from 0 to 8 weeks of age 
Thermal 
environment 
Nutrient density 
of diet 
Brooding mortality 
m 
Normal^ 
High 
Low 
2.33 
2.00 
Modified^ 
High 
Low 
2.00 
3.33 
*P<1.0. 
bp<.45. 
Table 17. Electricity consumption by brooding heaters from 0 to 8 weeks 
Treatment 
Energy/week (kW-h)^ 
1 2 3 4 5 6 7 8 Total 
Normal 
temperature 960 980 780 880 880 570 500 410 5960 
Modified 
temperature 547 565 646 791 575 421 398 321 4264 
^4.23 cents per Kilowatt-hour. 
However, the growth pattern among treatment groups was the same as that 
observed in earlier trials. The main effect of each experimental factor 
(nutrient density and thermal environment) was significant on weight 
gains of poults during this trial. The results of the current trial 
were also consistent with those of the earlier trials in that nutrient 
density seemed to have a greater influence on weight gains of poults than 
did thermal environment. The modified thermal environment suppressed 
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average growth by 77 grains, whereas feeding the low nutrient density im­
paired average growth by 136 grams during the 8-week brooding period. 
The weight gain achieved by poults fed the high nutrient density 
diet, irrespective of the thermal environment, was indicative of the 
contention stated for the earlier trials of this experiment that poults 
fed more concentrated levels of dietary energy (animal tallow) showed 
improved weight gains even when kept in cooler than recommended brooder 
temperatures. These data not only showed improved weight gains by poults 
fed the high nutrient density, irrespective of the thermal environment, 
but they also showed that poults kept in the cooler environment and fed 
the high nutrient density gained considerably more than poults fed the 
low nutrient density diet and brooded normally. In addition, poults 
kept in the modified thermal environment and fed the high nutrient 
density showed a marked improvement in feed utilization over those brooded 
normally and fed the low nutrient density. These results suggested that 
the rapidly growing juvenile turkey was capable of effectively utilizing 
extra dietary energy to promote near optimum growth in the absence of 
recommended brooder temperatures. 
Average feed intake by poults during Trial 3 did not conform 
to expectations. Poults kept in the modified thermal environment 
consumed slightly less feed than poults brooded in the recommended 
thermal environment. This pattern of feed intake was similar to 
the patterns shown in each of the first two trials of this experi­
ment. The numerical difference in average feed intakes of the 
two thermal groups did not occur until after 3 weeks of brooding. 
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Average feed intake differed by only 25 grams between the two ther­
mal treatment groups by 8 weeks of age, suggesting that thermal en­
vironment did not influence feed intake to any appreciable extent af­
ter 3 weeks of age either. An interaction effect between experimental 
factors on feed intake was suggested because poults fed the high nutrient 
density diet and kept in cooler environment consumed considerably less 
feed than other treatment groups. However, no significant interaction 
was detected statistically. 
In spite of the increase in average feed intake by poults kept in 
the cooler brooder environment, apparently energy consumption was not in­
creased enough to offset the extra energy needed to support both optimum 
growth and homeothermy. The data showed that average weight gains were 
reduced in poults kept in the modified thermal environment (Table 14). 
Apparently, a portion of the ingested nutrients was used to support in­
creased rates of body metabolism which created the necessary heat needed 
to balance that being lost to the cooler environment. An increased need 
for maintenance energy to support homeothermy was suggested also by the 
similarity between the average feed efficiences shown by the thermal 
treatment groups, yet weight gains were numerically less for poults kept 
in the cooler environment. But, because the poults had become accustomed 
to the cooler temperature, feed intake was not increased appreciably, only 
25 grams, during the 8 weeks of brooding. Hence, homeothermy was main­
tained at the expense of weight gain in poults brooded in the modified 
thermal environment. 
The ME consumption data (Table 14) of Trial 3 supported the 
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contention that the poults kept in the cooler environment on the average 
had the greatest need for maintenance energy. The suggested requirement 
of 700 kcal/kg weight gain (Hurwitz et al., 1980, 1982) was used as the 
standard to determine the maintenance energy needed by the poults. The 
ME consumed and used for growth and maintenance per poult, on the aver­
age, was 2048 and 3708 kcal, respectively, for poults kept in the cooler 
environment. Poults brooded normally consumed and used 2101 kcal for 
growth and 3529 kcal for body maintenance during the same time period. 
It was also noted that the latter poults were numerically larger, on the 
average, by 8 weeks of age. It was unlikely that shivering contributed 
much to the maintenance of homeothermy, particularly during the long-term 
exposure to reduced brooder temperatures. These results suggested that 
the lower critical boundary of the thermoneutral range could have been 
reduced and the poults kept in the modified thermal environment had 
actually acclimated to long-term exposure (0 to 8 weeks). 
Poults exposed to the modified thermal environment experienced a 
slightly greater average death loss (.5 percentage unit) than those 
brooded normally. Yet, none of the mortality rates of the different 
treatment groups exceeded normal expectations. In addition, the actual 
causes of death were quite consistent among treatment groups. Therefore, 
modifying the thermal environment was not considered a contributing fac­
tor to the increased poult mortality because whether it did or not de­
pended upon which dietary treatment was involved. 
In addition to favorable biological responses by the poults of this 
trial, a favorable economical response to the modified (cooler) thermal 
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environment was indicated. The use of modified brooder temperatures re­
duced electrical energy consumption by 28.5%, a substantial savings of 
supplemental energy. 
Although exposure to the modified thermal environment tended to sup­
press average growth rate, when all measurements (growth, feed intake, 
feed efficiency and livability) were considered, the results of Trial 3 
suggested that reduced brooder temperatures for juvenile turkeys could 
be successfully employed. Recommended brooder temperatures reduced 5.6°C 
initially (week 1) and reduced 2.8°C weekly thereafter would also sig­
nificantly enhance supplemental energy conservation and reduce costs of 
brooding. 
Trial 4 
Materials and methods 
This trial was initiated in mid-March with 1200 male poults randomly 
allotted to the 12 brooding pens. Six pens (one side of the brooding 
room; Figure la) were exposed to either of the two brooding temperature 
schemes previously described. Three of the six pens of poults from each 
scheme were fed the high nutrient density diet and the other three pens 
were fed the low nutrient density diet. Each dietary treatment was ran­
domly allotted to the pens and, together with water, was provided ad 
libitum throughout the trial. Diet composition and nutrient analyses are 
shown in Table 5. 
No additional experimental constraints or conditions to those previ­
ously established were imposed during this trial. 
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Results 
Nutrient density had a highly significant (P$.01) effect on weight 
gains whereby poults fed the high nutrient density diet gained more 
weight than poults fed the low nutrient density diet, irrespective of 
thermal environment (Table 18). The nutrient density effect on weight 
gains was most evident for poults kept in the modified thermal environ­
ment. The main effect of thermal environment on weight gains was also 
significant (P<.05). In this instance, those poults brooded in the recom­
mended thermal environment gained more weight than those kept in the 
modified thermal environment and this effect was most evident for poults 
fed the low nutrient density diet. Statistical analysis of the growth 
data showed that no significant interaction effect between nutrient den­
sity and thermal environment with regard to weight gains had occurred. 
The weight gained by poults kept in the modified thermal environment 
and fed the high nutrient density diet (3.2 kg) was equal to that gained 
by poults brooded normally and fed the low nutrient density diet. 
Even though average feed intakes by poults of the dietary treatment 
groups were the same, it seemed that changes in the feed intake of the 
low or high nutrient density diets (Table 18) were dependent upon thermal 
environment. The poults which were brooded normally consumed more of the 
low nutrient density diet whereas those kept in the modified thermal en­
vironment consumed more of the high nutrient density diet. These diverse 
responses were suggestive of an interaction between experimental factors 
and even though the effect approached significance, no significant (P<.05) 
interaction effect was revealed by statistical analysis. 
79 
Table 18. Effects of thermal environment and nutrient density of diets 
on body weight, feed consumption and feed efficiency 
Thermal 
Nutrient 
density Body weight, g/poult 
Feed 
intake Feed/ 
environment of diet Initial Final Gain g/poult gain 
Normal 
High 59 3417 3358 5288 1.58 
Low 53 3269 3216 5462 1.70 
Modified 
High 
Low 
54 
58 
3293 3239 
3012 2954 
5065 
4869 
1.56 
1.65 
SEM^ 123 175 0.10 
Source of 
variation df Probabilities of Significance 
Thermal 
environment CT) 1 .01 .008 NS^ 
Nutrient 
density (D) 1 .006 NS .0006 
T X D 1 NS NS NS 
*SEM = Standard error of the mean, NS = nonsignificant. 
Thermal environment, i on the other hand, had a significant (PS.05] 
effect on feed intake whereby poults kept in the modified thermal environ­
ment consumed less feed than their counterparts kept in the normal en­
vironment. The thermal environment effect on feed intake was most 
prominent in poults fed the low nutrient density diet. These poults re­
duced their feed intake by an average of 523 grams whereas those fed the 
high nutrient density reduced their intake by only 223 grams, nearly a 
2.5-fold difference in the reduction of feed intake during the 8-week 
period. 
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Metabolizable energy (ME) and crude protein (CP) consumption data 
are shown in Table 19 and were calculated by the method consistent with 
the previous trials. A slight variation in the patterns for both ME and 
CP intakes occurred when compared with those shown for Trials 2 or 3. 
It should be noted that the nutrient analyses of the diets fed in this 
trial were the same as those for Trial 3, but differed from those for 
diets fed in Trial 2. The statistical analysis of the ME consumption 
per unit weight gain for poults of this trial showed no significant main 
effects of either nutrient density or thermal environment, nor was a 
significant interaction between experimental factors observed. 
The most evident difference between this trial and Trial 3 with re­
gard to ME consumption was observed for the treatment groups fed the low 
nutrient density diet and kept in the modified thermal environment. Dur­
ing Trial 3 this respective group consumed noticeably more ME/kg of weight 
gain than all other treatment groups, but during the trial reported herein 
this group consumed noticeably less ME/kg of weight gain than all other 
treatment groups. 
Neither experimental factor (nutrient density or thermal environ­
ment) had a significant effect on CP intake per unit of weight gain for 
poults of Trial 4. No significant nutrient density by thermal environ­
ment effect was observed with regard to intake of CP/kg of weight gain 
either. The consumption of CP/kg of weight gain was quite similar for 
poults among the treatment groups, but those fed the low nutrient density 
diet and kept in the modified thermal environment consumed numerically 
less than any other treatment group. 
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Table 19. Effects of thermal environment and nutrient density of diets 
on nutrient efficiency 
Thermal Nutrient density Kcal ME G Protein 
environment of diet Kg gain Kg gain 
High 4969 389 
Normal Low 4927 390 
High 4934 387 
Modified 
Low 4765 379 
SEN* 6 1.5 
Source of 
variation df Probabilities of Significance 
Thermal 
environment (T) 1 NS^ NS 
Nutrient 
density (D) 1 NS NS 
T X D 1 NS NS 
^SEM = Standard error of the mean, NS = nonsignificant. 
Feed conversion rates by poults of this trial were calculated as 
previously described and are shown in Table 18. Statistical analysis 
showed that the main effect of nutrient density on feed conversion was 
significant (PS.OS). Poults fed the high nutrient density diet had a 
better conversion rate than diet poults fed the low nutrient density 
diet, irrespective of thermal environment. The effect of nutrient den­
sity on feed conversion was similar between thermal groups but the im­
provement in conversion rate was most noticeable for poults brooded 
normally. Thermal environment did not have a significant effect on feed 
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conversion but the data showed a slight numerical advantage to poults 
kept in the modified thermal environment, irrespective of nutrient den­
sity. Statistical analysis revealed that no significant interaction be­
tween experimental factors with regard to feed conversion occurred. 
Mortality differed considerably among treatment groups [Table 20) at 
the termination of brooding but the majority of the death losses occurred 
during the first week, particularly for those poults exposed to the re­
duced brooder heat. Even though all poults were considered carriers (vet­
erinarian diagnosis) of the same potentially pathogenic bacteria (Salmon­
ella sp.) before placement on experiment, those kept in the modified ther­
mal environment were the least resistant to the infection. Consequently, 
to facilitate interpretation of treatment effects, the brooding phase 
was divided into two phases (1 to 7 days and 8 to 56 days) for statisti­
cal analyses reporting purposes. The statistical analyses of the death 
losses were performed according to the chi-square method (Gill, 1978). 
During the first week of brooding, average mortality of poults kept 
in the modified thermal environment was 18%. Livability among poults 
fed the low nutrient density was significantly better than that among 
poults fed the high nutrient density diet. Even though there was a 
numerical difference between mortality rates of the two dietary groups 
brooded normally, the effect of nutrient density was not significant. 
After the first week of brooding, mortality was dramatically re­
duced among poults kept in modified thermal environment and remained 
relatively low throughout the trial. Poults brooded normally, however, 
continued to show a better livability, numerically at least, than those 
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Table 20. Mortality rates of turkey poults from 0 to 8 weeks of age 
Thermal Age Nutrient density Brooding mortality 
environment (days) of diet (%) 
High 1.00 
Normal^ 1 to 7 
Low 0.33 
h High 21.33 
Modified 1 to 7 
Low 14.67 
High 1.35 
Normal ^ 8 to 56 
Low 0.67 
A High 2.97 
Modified 8 to 56 
Low 4.69 
High 2.33 
Normal® 1 to 56 
Low 1.00 
f High 23.67 
Modified 1 to 56 
Low 18.67 
*P3.62. 
^P<.04. 
cp<.68. 
dps.45. 
®P<.34. 
fp<.16. 
kept in the modified thermal environment. No significant difference in 
mortality between dietary treatment groups kept in the same thermal en­
vironment occurred from 8 to 56 days. 
Overall [1 to 56 days) poult mortality was considerably higher for 
poults kept in the modified thermal environment than for those brooded 
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normally. Even though a greater number of death losses occurred in 
groups fed the high nutrient density diet, irrespective of thermal en­
vironment, nutrient density was not associated with any significant 
(P<.05) increase in mortality for either thermal treatment group. 
Electrical energy used for brooder heat during this trial is shown 
in Table 21. The heaters of the modified temperature scheme used 2318 
klV-h of electricity and the heaters of the recommended temperature scheme 
used 4300 kW-h of electricity. Thus, the cost of normal brooding heat 
was nearly twice that of the modified environment during the 8-week 
brooding period. 
Discussion 
Even though some treatment groups of poults experienced relatively 
high death losses during the first week of brooding, poult performance 
was not impaired during the remaining weeks of brooding (Table 18). The 
results of this trial were inconsistent with those of the three previous 
trials of this experiment in that the effect of nutrient density was no 
more influential on weight gains than was thermal environment. Growth 
was suppressed, on the average, by 190 grams in poults kept in the 
modified thermal environment. Feeding the low nutrient density diet im­
paired average growth by 214 grams during the 8-week brooding period. 
The greater weight gains achieved by poults fed the high nutrient 
density, irrespective of thermal environment, were again indicative that 
poults fed diets more concentrated in energy were capable of superior 
growth. Poults fed the diet with the extra energy concentration showed 
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Table 21. Electricity consumption by brooding heaters from 0 to 8 weeks 
Normal 
temperature 1050 1000 850 540 580 80 170 30 4300 
Modified 
temperature 656 712 633 227 90 0 0 0 2318 
^4.23 cents per Kilowatt-hour. 
improved weight gains even when brooded in cooler than recommended 
brooder temperatures. This latter group of poults also had the most 
efficient feed conversion rate among the treatment groups. These com­
bined results suggested that rapidly growing juvenile turkeys could effec­
tively utilize extra dietary energy [animal tallow) to support near 
optimum growth in the absence of the traditionally recommended brooder 
heat. 
Feed intake patterns observed for poults of this trial were similar 
to those observed in Trials 1 and 2. Average feed intake by poults kept 
in the modified thermal environment was numerically less than that by 
poults kept in the recommended brooder temperatures. The difference in 
average feed intake between the two thermal groups was quite marked (408 
grams). The feed consumption data shown in Table 18 do not reflect any 
periodic (0 to 3, 4 to 6 or 7 to 8 weeks) differences that occurred, but 
nearly half of the difference observed occurred during the final (7 to 8 
weeks) stage of brooding. Feed intake data by age period showed that 
poults kept in the modified thermal environment consumed numerically 
86 
less (57 grams) feed during the 0 to 3 week stage of brooding than those 
brooded normally. In contrast to the contentions suggested in previous 
trials, in this trial periodic huddling by poults kept in the cooler en­
vironment could have influenced (reduced) early feed intake, but observa­
tions to support this were not reported. Even so, results of the trial 
reported herein are in agreement with those by DeShazer et al. (1974) and 
Kotrbacek (1977). They suggested that white poults, up to 3 weeks of 
age, do not adjust feed intake in response to cool environments. 
Even though the group of poults kept in the cooler environment and 
fed the low nutrient density diet consumed considerably less feed than 
the other treatment groups during the 8 weeks of brooding, the lack of a 
significant interaction and dietary effects suggested that thermal en­
vironment was greatly influential on poult eating behavior It was 
anticipated that extra feed (energy) would be consumed by poults in re­
sponse to the cooler temperatures, but in this study, less feed (408 
grams) was consumed by poults kept in the modified thermal environment. 
This response was consistent with those from the previous trials of this 
experiment. Like those of the earlier trials, results of the current 
study suggested the poults maintained in.the cooler than recommended 
brooder temperatures may have acclimated to the lower temperatures. And, 
because energy for the maintenance of homeothermy actually increased in 
the cooler environment, the affected poults grew at a slower rate. 
Feed utilization was also in support of this contention. Feed was 
used slightly more efficiently, on the average, by poults kept in the 
modified thermal environment than by poults brooded normally. If those 
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poults exposed to modified brooder heat and fed the low nutrient density 
would have consumed as much feed as their dietary counterparts (but 
reared normally) and converted it as shown (1.65), they would have gained 
nearly as jnuch weight (3308 grams) as poults fed the high nutrient den­
sity and brooded normally (Table 18). In this regard, physical capacity 
for feed was not considered the limiting factor for feed intake, but in­
take of feed appeared to be the growth limiting factor. 
A consistent intake of ME occurred among treatment groups, except 
for that group kept in the modified thermal environment and fed the low 
nutrient density. This group of poults consumed considerably less ME 
than the other treatment groups. This consumption pattern paralleled 
feed intake but there was no significant nutrient density by thermal en­
vironment effect on ME intake. This pattern of Me intake was not con­
sistent with the respective treatment groups of previous trials. This 
same treatment group in Trial 3 consumed the greatest amount of energy 
per unit of weight gain as compared with other treatment groups. Growth 
rate was considerably slower for this group of poults in the current 
study than for that of other treatment groups, yet feed utilization was 
slightly better than it was for poults fed the same dietary treatment 
but brooded normally. These responses were not expected but seemed to 
further suggest that the poults had become accustomed to the cooler 
brooding environment. 
All poults obtained for Trial 4 were infected with the same patho­
genic bacteria during the early stage of brooding . Death losses 
were much more severe, however, in poults kept in modified thermal 
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environment. It was postulated that the combination of reduced 
brooder heat and the bacterial infection increased the incidence 
of huddling so severely that death was actually caused by suffoca­
tion from piling. Apparently the pathogenic infection ran its course 
during the first week of brooding because death losses were dramati­
cally reduced from that time onward. Performance of the poults that re­
covered [without benefit of medical treatment] from the infection 
suggested that they were not adversely affected during the remainder of 
the study. 
Even though biological responses observed during this trial were 
somewhat variable and, in the case of livability, negative, the overall, 
economical response was favorable. By modifying [reducing) the brooder 
temperatures from day 1 through 8 weeks of brooding, considerable elec­
trical energy was conserved. Actual electrical energy cost for the 
normal brooder temperature scheme was $279.93 and the electricity needed 
to service the modified temperature scheme cost $63,95 over the 8-week 
brooding period. These results suggested that four individual broods 
consisting of 600 clean, healthy poults could have been reared in the 
modified (cooler) thermal environment at nearly the same cost as one 
brood reared in the environment normally recommended. 
The results of the current study suggested that the procurement of 
clean, healthy poults was particularly essential when reduced brooder 
temperatures were used. Thus, modifying the currently recommended 
brooder temperatures, particularly during the first 7 days of brooding, 
could contribute to early mortality, especially if the poults were 
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carriers of potentially pathogenic infections. In spite of the reduced 
livability experienced during this trial, the growth rate, feed effi­
ciency and supplemental energy conservation results suggested that 
cooler brooder temperatures could be advantageous economically. 
Trial 5 
Materials and methods 
This trial was initiated in February with 1200 day-old male 
poults randomly allotted to the 12 brooding pens. Six pens (one 
side of the brooding room; Figure la) were exposed to either of two 
brooder temperature schemes. Three of the six pens of poults from each 
scheme were fed the high nutrient density diet and three pens were fed 
the low nutrient density diet. Each dietary treatment was randomly 
assigned to the pens and, along with water, was provided ad libitum 
throughout the trial. Diet compositions and nutrient analyses are shown 
in Table 6. 
The brooder temperature schemes were altered for this trial 
(Figure 3), but all other experimental conditions were maintained as 
described. 
Results 
The poults used in this trial were relatively consistent in average 
initial body weights (Table 22). At 8 weeks of age (termination of 
brooding), body weights differed among treatment groups. Nutrient den­
sity had a significant (P<.05) effect on weight gains whereby poults fed 
the high nutrient density diets gained more weight than those fed the 
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Table 22. Effects of thermal environment and nutrient density of diets 
on body weight, feed consumption and feed efficiency 
Thermal 
Nutrient 
density 
Body weight, g/poult Feed 
intake Feed/ 
environment of diet Initial Final Gain g/poult gain 
High 59 3461 3402 6094 1.79 
Normal Low 57 3134 3077 6106 1.99 
Modified 
High 
Low 
59 
59 
3410 
3069 
3350 
3010 
5811 
5934 
1.74 
1.97 
SEM& 110 160 0.15 
Source of 
variation d£ Probabilities of Significance 
Thermal 
environment (T) 1 NS^ .05 NS 
Nutrient 
density (D) 1 .0001 NS .0004 
T X D 1 NS NS NS 
^SEM = Standard error of the mean, NS = nonsignificant. 
low nutrient density diet, irrespective of thermal environment. The 
nutrient density effect on weight gains was nearly the same in each ther­
mal environment. Poults brooded in the recommended thermal environment 
gained numerically more weight, on the average, than those kept in the 
modified thermal environment, but the main effect of thermal environment 
was not significant. No significant interaction between nutrient density 
and thermal environment with regard to weight gains was revealed by the 
statistical analysis of the data. 
Poults kept in the modified thermal environment and fed the high 
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nutrient density diet gained markedly more weight than the poults 
brooded normally and fed the low nutrient density diet. In this com­
parison, the respective weight gains were 3.35 and 3.08 kg. 
Poults fed the low nutrient density diet consumed less feed, on the 
average, than did the poults fed the high nutrient density diet (Table 
22), but the main effect of nutrient density on feed intake was not sig­
nificant. The effect of nutrient density on feed intake was similar be­
tween the thermal environments. Thermal environment, on the other hand, 
had a significant (P<.05) effect on feed intake whereby poults kept in 
the modified thermal environment consumed less feed than poults brooded 
in the recommended thermal environment, irrespective of dietary treatment. 
The thermal environment effect on feed intake was most evident in poults 
fed the high nutrient density diet, suggesting an interaction effect. 
Statistical analysis, however, did not reveal a significant interaction 
between nutrient density and thermal environment with regard to feed 
intake. 
Feed conversions by poults are shown in Table 22. Nutrient density 
had a significant (P<.05) effect on feed utilization whereby poults fed 
the high nutrient density diet utilized feed more efficiently than the 
poults fed the low nutrient density diet, irrespective of thermal en­
vironment. The effect of nutrient density on feed conversion was nearly 
the same in each thermal environment. Thermal environment, on the other 
hand, had no significant main effect on feed utilization and feed was 
utilized, on the average, with the same efficiency in each thermal en­
vironment. The fact that the poults kept in the modified thermal 
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environment and fed the high nutrient density diet had the best feed 
efficiency numerically suggested an interaction was present. Statistical 
analysis, however, did not show a significant nutrient density by thermal 
environment effect with regard to feed conversion. 
Metabolizable energy (ME) and crude protein (CP) intakes per unit 
weight gain by poults of this trial are shown in Table 23. The nutrient 
analyses of the diets fed were the same as those for Trials 3 and 4. 
The pattern of ME intake per unit weight gain for groups of poults of 
this trial were different from those of previous trials. And, as with 
Trial 4, neither the main effect of nutrient density nor thermal environ­
ment was significant with regard to ME intake. Poults fed the low nutri­
ent density diet, on the average, consumed numerically more ME/kg weight 
gain, however. Poults brooded in the recommended thermal environment 
consumed more ME/kg of weight gain than those kept in the modified ther­
mal environment. 
The crude protein intake pattern was reflective of that shown for ME 
intake. Neither nutrient density nor thermal environment influenced CP 
intake per unit of weight gain among treatment groups. The interaction 
effect between these factors on CP intake was statistically nonsignifi­
cant even though poults fed the high nutrient density diet and kept in 
the modified thermal environment consumed somewhat less CP/kg of weight 
gain than other groups. 
Livability of poults during this trial was relatively good for all 
treatment groups (Table 24), but cumulative mortality rates differed 
among groups by the termination of brooding. The statistical analyses 
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Table 23. Effects of thermal environment and nutrient density of diets 
on nutrient efficiency 
Thermal Nutrient density Kcal ME G Protein 
environment of diet Kg gain Kg gain 
High 5655 442 
Normal 
Low 5790 451 
High 5484 428 
Modified 
Low 5756 447 
SEM* 8 2.3 
Source of 
variation df Probabilities of Significance 
Thermal 
environment (T) 1 NS^ NS 
Nutrient 
density (D) 1 NS NS 
T X D 1 NS NS 
*SEM = Standard error of the mean, NS = nonsignificant. 
Table 24. Mortality rates of turkey poults from 0 to 8 weeks of age 
Thermal Nutrient density Brooding mortality 
environment of diet (%) 
High 3.33 
Normal^ Low 4.67 
U High 3.67 
Modified 
Low 1.67 
*P<.53. 
^P<.21. 
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of these data were performed according to the chi-square method (Gill, 
1978). Mortality was relatively low for each treatment group and no 
statistically significant difference occurred between dietary groups 
within each thermal treatment, but some interaction appeared to be 
present. It seemed that the nutrient density effect on mortality was 
dependent on thermal environment. The poults fed the low nutrient den­
sity diet and brooded normally experienced a numerically greater death 
loss (4.7% vs. 3.3%) than poults fed the high nutrient density and brooded 
in the same environment. On the other hand, poults fed the low nutrient 
density diet and kept in the modified thermal environment experienced a 
numerically lower (the lowest among all treatment groups) death loss than 
poults fed the high nutrient density and kept in the same environment 
(1.67 vs. 3.67%). 
Electrical energy consumption data are shown in Table 25. The 
brooder heaters in the modified temperature scheme consumed considerably 
less electrical energy than did those of the normal temperature scheme, 
even though the brooder temperatures were not reduced until the beginning 
of day 4. Total electrical energy used by the normal temperature scheme 
was 5409 kW-h. The modified temperature scheme used 3510 kW-h. 
Discussion 
With the exception of one treatment group, average weight gains of 
the groups of poults reported herein were very similar to those of the 
respective groups of Trial 4. As observed in Trials 2 and 3, the main 
effect of nutrient density seemed to influence weight gain much more 
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Table 25. Electricity consumption by brooding heaters from 0 to 8 
weeks 
Treat.ent . , 3 « S^tST 
Normal 
temperature 1090 910 836 735 642 683 98 415 5409 
Modified 
temperature 550 610 620 570 500 340 30 280 3510 
^4.23 cents per Kilowatt-hour. 
than did thermal environment. In the current study, modified thermal 
environment suppressed average weight gain by only 60 grams, whereas 
feeding poults the low nutrient density impaired average growth by 332 
grams during the 8 weeks of brooding. 
The greater average weight gains achieved by poults fed the high 
nutrient density over those by poults fed the low nutrient density were 
indicative that feeding diets with increased energy concentrations im­
proved weight gains. It has been shown in studies by both Owen and 
Waldroup (1979) and Sell and Owings (1981), as well as by numerous field 
tests, that diets with concentrated energy (fats and oils) levels improved 
weight gains in juvenile turkeys reared in the traditional manner. The 
fact that the weight gains were improved equally for poults fed the high 
nutrient density as compared with those fed the low nutrient density, 
irrespective of thermal environment, supported the contention that even 
when juvenile turkeys were brooded in the cooler than recommended thermal 
environment, weight gains were improved considerably. 
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Not only were weight gains improved in poults fed the high nutrient 
density, but average feed efficiency was improved as well. Poults fed 
the high nutrient density diet were considerably more efficient than 
those fed the low nutrient density. Poults fed the high nutrient den­
sity and kept in the modified thermal environment were the most efficient 
converters among treatment groups. This response suggested that rapidly 
growing juvenile turkeys could effectively utilize extra dietary energy 
(animal tallow) to support near optimum growth in the absence of the 
traditionally recommended brooder heat. The slower growth rate in poults 
kept in the modified thermal environment was apparently due to the reduced 
feed intake that occurred during the 8-week brooding period. 
Feed intake by poults kept in the modified thermal environment was 
numerically less than that by poults brooded normally. This feed intake 
pattern was similar to that observed in Trials 1, 2 and 4, all of which 
were somewhat different than that observed during Trial 3. In the cur­
rent study, the difference in average feed intake between the two thermal 
treatment groups was quite noticeable [227 grams) by the end of 8 weeks 
of brooding. Feed intake data [Table 22) do not, however, reflect any 
periodic (0 to 3, 4 to 6 or 7 to 8 weeks) differences that occurred dur­
ing the brooding period. Nearly equal average feed intakes for the two 
thermal groups were noted [data not shown) during the 0 to 3 weeks stage 
of brooding; only a difference of 9 grams was recorded. The similarity 
in average feed intakes during this stage suggested that very young poults 
[0 to 3 weeks of age) did not adjust their energy [feed) intake to com­
pensate for body heat losses that may have occurred, even though some 
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huddling had been observed. So it was unlikely that poult huddling con­
tributed to the overall difference in feed intake between the thermal 
groups. 
The greatest difference between average feed intakes occurred after 
3 weeks of brooding and was most noticeable during the 4 to 6 weeks 
stage. In this stage, the difference was 193 grams, accounting for 85% 
of the 227 grams of overall feed intake difference. This pattern was 
somewhat different from those of previous trials. A plausible explana­
tion might be related to acclimatization by these poults. The lack of a 
significant interaction between nutrient density and thermal environment 
on feed intake and the nonsignificant main effect of nutrient density 
suggested.that thermal environment was influential on the poults' eating 
behavior. But the effect of the cool environment was to reduce average 
feed intake rather than increase it. Maybe the poults kept in the cooler 
environment simply adapted to the lower temperatures by 6 weeks of age, 
felt comfortable and thus were not thermally induced to consume extra 
energy (feed). Metabolizable energy intake was a reflection of feed in­
take but even so poults kept in the modified thermal environment, on the 
average, consumed less ME per kg of gain than did poults brooded normally. 
Average growth rate, on the other hand, was only slightly suppressed in 
the former group of poults, and these poults converted feed to gain 
slightly more efficiently than did those brooded normally. 
The somewhat slower growth rate in poults kept in the cooler environ­
ment could have been because these poults used a greater portion of in­
gested nutrients to maintain homeothermy in the cooler temperatures rather 
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than supporting growth. However, the energy consumption data (Table 23] 
did not support this contention. The poults kept in the modified ther­
mal environment used less ME per poult for maintenance than did poults 
brooded normally. A difference (not tested statistically] of 185 kcal 
was shown in this instance. The energy requirement of 700 kcal/kg of 
weight gain (Hurwitz et al., 1980, 1982) was used to determine the 
maintenance energy needs of the respective poults. These results were in 
contrast to those obtained during previous trials of this experiment. 
And, since feed was provided ad libitum throughout the trial, it was 
difficult to determine whether feed intake was a function of growth 
(weight gain] or whether weight gain (growth] was a function of feed 
intake. It seemed unlikely that shivering or physical gut capacity for 
feed were factors contributing to the reduced growth rate and(or) feed 
intake by poults kept in the cooler environment. 
Livability of the poults of this trial paralleled that of poults of 
Trials 1 and 3, even though this was a spring brood. The excessive mor­
talities experienced during Trials 2 and 4 (also spring broods) did not 
occur in Trial 5. The average mortality of the group brooded normally 
was numerically higher than that of the group kept in the modified 
brooder heat, indicating that reduced brooder heats did not unduly stress 
turkeys up to 8 weeks of age. 
A favorable economical response was also realized from the reduced 
thermal environment scheme. Supplemental energy consumption by the 
brooder heaters was reduced by 35.2% when the modified (cooler] thermal 
scheme was used as compared with the normal brooding scheme. This 
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reduction in energy consumption represented a substantial conservation 
of supplemental energy as well as monetary expenditures. 
The combined results (growth rate, feed efficiency, livability and 
energy conservation) of the trial reported herein suggested that turkeys 
could be brooded successfully and more economically in a modified thermal 
environment whereby the currently recommended brooder temperatures were 
reduced 5.6°C during week 1 and reduced 2.8°C weekly thereafter. 
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GENERAL 
Materials and Methods 
Because the results of the trials conducted during this experiment 
showed similar patterns and trends among trials, the growth rate, feed 
intake, livability and supplemental energy consumption data were pooled 
for presentation and were analyzed statistically. Those measurements, 
except carcass analysis, not common to all trials of the experiment re-
* 
ported herein were not considered for this discussion. 
Results 
The average initial live weights of poults used in this experiment 
were very consistent across treatment groups (Table 26). At 8 weeks of 
age, average live body weights differed considerably among treatment 
groups. Generally, those poults fed the high nutrient density diet 
gained more weight during brooding than .those fed the low nutrient den­
sity diet. Nutrient density had a highly significant (PS.0001) effect 
on weight gains whereby poults fed the high nutrient density diet gained 
more weight than those fed the low nutrient density diet, irrespective of 
thermal environment. The effect of nutrient density on weight gains was 
very similar for the poults brooded in either thermal environment. The 
main effect of thermal environment on weight gains was highly significant 
(P5.0001). In this instance, the poults brooded in the recommended ther­
mal environment gained more weight than poults kept in the modified ther­
mal environment, irrespective of dietary treatment. This effect on 
weight gain was similar for poults fed either nutrient density treatment. 
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Table 26. Effects of thermal environment and nutrient density of diets 
on body weight, feed consumption and feed efficiency 
Thermal 
Nutrient 
density 
Body weight. g/poult Feed intake Feed/ 
environment of diet Initial Final Gain g/poult gain 
Normal 
High 57 3470. 3413 5909 1.73 
Low 56 3209 3153 6047 1.92 
Modified 
High 
Low 
56 
57 
3347 
3100 
3291 
3043 
5722 
5867 
1.74 
1.92 
SEM* 54 73 0.04 
Source of 
variation df Probabilities of Significance 
Thermal 
environment (T) 1 .0001 .0003 NS* 
Nutrient 
density (D) 1 .0001 .0016 .0001 
T X D 1 NS NS NS 
^SEM = Standard error of the mean, NS = nonsignificant. 
Because of the similarity in poult responses to each of the experimental 
factors, no interaction between nutrient density and thermal environment 
was expected. Statistical analysis of the weight gains showed no sta­
tistically significant interaction occurred during the experiment. 
Results of this experiment showed that poults kept in the modified 
thermal environment and fed the high nutrient density diet gained more 
weight (consistently among trial results) than poults brooded in the 
recommended environment and fed the low nutrient density diet. The 
average weight gained by poults of these respective treatment groups 
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were 3.29 and 3.15 kg. 
Feed consumption data are shown in Table 26. Generally, poults fed 
the low nutrient density diet consumed more feed than those fed the high 
nutrient density diet. The main effect of nutrient density on feed in­
take was highly significant (P<.002). In this regard, the poults fed 
the low nutrient density diet consumed more feed than those fed the high 
nutrient density diet, irrespective of thermal environment. This effect 
of nutrient density was most evident in poults kept in the modified ther­
mal environment. Thermal environment also had a highly significant 
(PS.0003) effect on feed intake whereby the poults brooded in the recom­
mended thermal environment consumed more feed than the poults kept in the 
modified thermal environment, irrespective of dietary treatment. The 
relative effects of brooder temperature on feed intake were similar for 
poults fed either dietary treatment. Poults fed the high nutrient den­
sity diet and kept in the modified thermal environment, however, consumed 
the least amount of feed among the treatment groups, which suggested a 
potential interaction. Statistical analysis, however, did not reveal a 
significant interaction effect between nutrient density and thermal en­
vironment with regard to feed intake. 
Average feed conversions by poults of this experiment are shown in 
Table 26. The statistical analysis of these values showed that nutrient 
density had a highly significant (P-.OOOl) effect on feed utilization and 
that thermal environment had no significant effect. The effect shown by 
nutrient density was that poults fed the high nutrient density converted 
feed more efficiently than did poults fed the low nutrient density. This 
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effect was the same, irrespective of thermal environment used for 
brooding. In addition, average feed conversion rates of poults brooded 
in the different thermal environments were numerically the same. 
Statistical analysis for interaction (nutrient density by thermal 
environment) showed no significant effect on feed utilization for 
weight gain. 
Metabolizable energy (ME) and crude protein (CP) intakes per unit 
of body weight gained are given in Table 27. Generally both the ME and 
the CP intakes per unit of weight gain were similar among the treatment 
groups, but poults fed the high nutrient density consumed numerically less 
ME and CP/kg of weight gain than did poults fed the low nutrient density. 
However, neither nutrient density of the diet nor thermal environment had 
a significant effect on ME/kg of weight gain. No significant interaction 
effect of nutrient density by thermal environment on ME intake per unit 
of weight gain was detected by the statistical analysis of the data. 
In contrast to ME intake, the statistical analysis of the data 
showed that nutrient density had a significant (PS.05) effect on CP in­
take per unit weight gain. This difference may be because the labora­
tory analyses of the diets for both ME and CP were used to determine 
energy and protein intakes. Poults fed the high nutrient density diet 
consumed less CP/kg weight gain than did poults fed the low nutrient den­
sity diet, irrespective of thermal environment. This nutrient density 
effect was the same for poults within each thermal environment. Thermal 
environment, on the other hand, did not have a significant influence on 
CP intake. No interaction (nutrient density by thermal environment) 
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Table 27. Effects of thermal environment and nutrient density of diets 
on nutrient efficiency - Trials 1 to 5 
Thermal. Nutrient density Kcal ME G Protein 
environment of diet Kg gain Kg gain 
High 5456 435 
Normal 
Low 5499 454 
High 5480 436 
Modified 
Low 5519 456 
SEM* 3 0.9 
Source of 
variation df Probabilities of Significance 
Thermal 
environment (T) 1 NS^ NS 
Nutrient 
density (D) 1 NS .0001 
T X D 1 NS NS 
^SEM = Standard error of the mean, NS = nonsignificant. 
on CP intake per unit weight was revealed by statistical analysis of the 
data. 
The results of the pooled [Trials 1 and 2) carcass analyses [Table 
28} showed that the carcasses highest in dry matter content were also 
highest in fat content but were the lowest in protein content. The 
statistical analyses of these results revealed that no significant inter­
action effect of the experimental factors was present for any of the 
carcass components. Furthermore, neither carcass dry matter, protein nor 
fat contents were significantly influenced by thermal environment. These 
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Table 28. Effects of thermal environment and nutrient density of diets 
on carcass composition - Trials 1 and 2 
Thermal Nutrient density 
Carcass composition 
(% of fresh weight) 
environment of diet %DM %CP %Fat %Ash 
Normal 
High 
Low 
29.42 
28.14 
19.26 
19.68 
5.85 
4.09 
3.89 
3.90 
Modified 
High 
Low 
28.88 
28.19 
19.45 
19.73 
5.18 
4.25 
4.01 
3.89 
SEN* 0.15 0.07 0.16 
Source of 
variation df Probabilities of significance 
Thermal 
environment (T) 1 NS* NS NS 
Nutrient 
density (D) 1 .008 .037 .001 — — 
T X D 1 NS NS NS — — 
^SEM = Standard error of the mean, NS = nonsignificant. 
carcass components were, however, significantly (P^.OS) affected by 
nutrient density. 
The main effect of nutrient density on carcass dry matter was sig­
nificant (PS.05] whereby poults fed the high nutrient density diet had 
greater dry matter content than those fed the low nutrient density diet, 
irrespective of thermal environment. The effect was most prominent on 
poults brooded normally. 
Carcass protein content was also significantly (PI.05) influenced 
by dietary nutrient density. In this instance, poults fed the low 
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nutrient density diet yielded carcasses with a greater protein concentra­
tion than those fed the high nutrient density diet, irrespective of the 
thermal environment. The effect was most noticeable in carcasses from 
poults brooded normally. 
The main effect of dietary nutrient density was significant [PS.05) 
on carcass fat but in a somewhat different manner than carcass protein 
content. The high nutrient density diet increased the carcass fat con­
tent by an average of 1.35% units (32.4%) over that of carcasses from 
poults fed the low nutrient density. This effect was most evident in 
carcasses from poults brooded normally. 
Because death losses of poults reared in two of the five trials were 
extremely high but were not caused by either experimental factor tested, 
the individual trial data were not pooled for statistical analyses. How­
ever, mortality rates that occurred during each trial are presented in 
Table 29 for discussion purposes and comparisons will be restricted to 
thermal environment effects. The mortality rates experienced during 
Trials 2 and 4 were relatively high, but mortality rates among the re­
maining three trials did not exceed those normally expected during the 
brooding of juvenile turkeys. The average mortality rates of the com­
bined trials (1, 3 and 5) were 2.87% and 2.93% for the normal and the 
modified thermal treatment groups, respectively. 
Electrical energy consumption (kW-h) and electricity cost per ; cult 
during 8 weeks of brooding are shown in Table"30. The pooled data are 
based on measurements recorded during Trials 2 to 5. No independent 
means of recording energy flow to each of the brooding schemes was 
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Table 29. Mortality rates of turkey poults from 0 to 8 weeks of age -
Trials 1 to 5 
Treatments 
Normal brooder Modified brooder 
Trial temperature (%) temperature (%) 
0 to 8 (weeks) 0 to 8 (weeks) 
T^ 2.8 3.2 
9.8 19.2 
T^ 2.2 2.7 
T4 1.7 21.3 
Tg 4.1 2.9 
Table 30. Electricity consumption by brooding heaters and electricity 
costs per poult from 0 to 8 weeks - Trials 2 to 5 
Treatments 
Trial Normal brooder temperature Modified brooder temperature 
kW-h Cost ($)/poult kW-h Cost($)/poult 
2 4440 .1338 2330 .0702 
3 5960 .1796 4264 .1285 
4 4300 .1296 2318 .0698 
5 5409 .1630 3510 .1058 
Experiment 5027 .1515 3106 .0935 
average 
available during Trial 1. Also, no means of monitoring electricity flow 
with regard to dietary treatment within each thermal scheme was avail­
able during any of the five trials. Thus, electrical energy consumption 
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was related to brooder temperature scheme only. 
Specifications provided by the manufacturer^ of the brooder heaters 
were used to establish a basis for electricity costs. In accordance with 
the suggested guidelines [northern U.S. latitudes, a well-insulated 
facility and total poult capacity), the brooder heat systems as installed 
for this experiment supplied 5.56 watts per poult. 
The electricity cost during Trial 2 was 4.23 cents per kW-h and 
this unit price was used to determine electricity costs during all trials 
thereafter to maintain consistency among trials. 
Electricity used for brooding varied considerably among trials 
(Table 30). Generally when brooding was initiated during mid-October 
(Trials 3 and 5) and continued into winter, the greatest amounts of 
electricity were used, irrespective of thermal brooder treatment. Brood­
ing energy used during Trials 3 and 5 exceeded that used during Trials 2 
and 4 by 30% on the average. The data showed, however, that the recom­
mended brooder temperature scheme during each trial consumed considerably 
more electricity than did the modified brooder scheme. Average electric­
ity used (all trials) for normal brooding was nearly 62% of the total 
energy supplied for the brooding of all poults on experiment. 
The monetary implications of the electrical energy consumed during 
Trials 2, 3, 4 and 5 are also shown in Table 3. The electrical cost var­
iations and trends among trials are reflective of those noted for the 
energy consumed by the brooder units during the experiment. On the 
^Kalglo Electronics Co., Inc., Bethlehem, PA 18017. 
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average, the per poult costs of electricity were 15.15 and 9.35 cents 
during 8 weeks of brooding for the normal and the modified brooder 
schemes, respectively. 
Average feed cost per poult grown to 8 weeks of age during the ex­
periment reported herein are shown in Table 31. Generally, the greatest 
feed cost per poult through 8 weeks of brooding was amassed by poults 
brooded normally and fed the high nutrient density diet. Poults fed the 
low nutrient density diet and kept in the modified thermal environment 
had the least cost for feed during three of the four trials of this ex­
periment. The data showed that the average feed cost was $1.39 per poult 
brooded normally and $1.34 per poult for those kept in the modified ther­
mal environment through 8 weeks of brooding. 
Discussion 
Growth performance by poults during the experiment reported herein 
was considered exceptionally good for all treatment groups in spite of 
two incidences of high mortality and one incidence of unseasonably cold 
climatic conditions. Generally, though, poults kept in the recommended 
brooder environment to 8 weeks of age grew at a numerically faster rate 
than those exposed to the modified (cooler) temperature scheme. In this 
regard, the modified thermal environment suppressed average weight gains 
by 5% (116 grams) and it was noted that the weight gains were suppressed 
nearly the same in poults fed either dietary treatment. 
Wineland (1977, 1978) reported similar growth suppression in white 
male poults that were brooded to 11 weeks of age in modified thermal 
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Table 31. Feed costs for poults from 0 to 8 weeks of age - Trials 2 
to 5 
Thermal 
environment 
Nutrient density 
of diet 
Feed cost($) 
poult 
High 1.453 
Normal 
Low 1.324 
High 1.408 
Modified 
Low 1.276 
environments similar to that reported herein. He also stated that the 
growth suppression was overcome during later growth and no significant 
differences among weight gains of the treatment groups remained at 23 
weeks of age. 
Pierson et al. (1981) also found no carry-over effect as a result of 
using a reduced brooder temperature (23.7±3°C) for the first 14 days 
post-hatch. In this instance, the poults grew as well as those brooded 
in more normal temperatures [31.9±6°C and 36.9±1.2°C) with no significant 
differences observed at 2, 5, 10 or 20 weeks of age. Generally, the 
observations of Pierson et al. (1981) and Wineland (1977, 1978) agree; 
reduced brooder temperatures during early life did not adversely affect 
market weights of turkeys. 
The body weights of poults exposed to modified (cooler) brooder 
temperatures were somewhat suppressed at 8 weeks of age during the ex­
periment reported herein, but it seemed, according to Pierson et al. 
(1981) and Wineland (1977, 1978), that the affected poults could overcome 
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the growth suppression by market age (currently considered to be 20 weeks 
of age). Previously, Johnson and Sell (1976) showed that turkeys were 
capable of undergoing compensatory growth when suppression of gain during 
early life was-not too severe. They found that restriction of nutrient 
intake suppressed 8-week weight by 16.7%. Return of the restricted 
turkeys to a normal feeding program resulted in the achievement of body 
weights equal to those of the control turkeys at 23 weeks of age. 
Generally, the results of the current experiment indicated that 
poults fed the high nutrient density diet grew numerically faster than 
poults fed the low nutrient density diet. The data suggested that this 
difference in average growth rate was due primarily to the extra energy 
concentration (animal tallow) of the high nutrient density diet. The 
growth responses to the extra dietary energy (added fat) was consistent 
with those reported in numerous other studies including those by Owen and 
Waldroup (1979) and Sell and Owings (1981). Their studies showed that 
poults reared in recommended environments and fed diets concentrated in 
energy grew at faster rates than poults fed diets less dense in energy. 
The results of the experiment reported herein suggested that extra energy 
(added fat) in the diet fed to juvenile turkeys proved beneficial to im­
proved weight gains by poults not only when brooded in recommended en­
vironments but also when brooded in modified (cooler) brooder environ­
ments. 
Generally feed consumption has been increased in poultry species 
fed ^  libitum and exposed to ambient temperatures below thermoneutral-
ity, particularly when exposure was extended over relatively long periods 
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of time. Several studies .(Prince et al., 1961; Deaton et al.,, 1973; 
DeShazer et al., 1974; Hurwitz et al., 1980; Hurwitz and Bengal, 1982) 
showed that juvenile poultry responded in this way when subjected to cool 
ambient temperatures. Feed intake by poults in the current experiment 
did not follow the expected pattern. Modified (cooler) thermal environ­
ment did not induce extra feed intake by poults fed either the high or 
low dietary nutrient density diets. Feed intake, in fact, was numeri­
cally greater (183 grams) by poults brooded in the recommended thermal 
environment than that by poults kept in the cooler brooder environment 
during the 8 week brooding period. 
It seems unlikely that huddling (natural thermoregulation) of poults 
kept in the cooler environment, which was observed occasionally, was a 
major factor causing the lower feed intake by this group during early 
brooding. Huddling, when it occurred would tend to decrease poult ac­
tivity at the feeders even though light was provided 24 hours/day. The 
feed consumption data showed that 10% of the average difference between 
feed intakes, which occurred during the entire 8 week brooding period, 
however, occurred during the 0 to 3 week stage. This small, but negligi­
ble, difference may have been due to huddling during the early stage of 
brooding. It appeared the poults kept in the cooler environment simply 
did not adjust their feed intakes to compensate for increased body heat 
losses which may have occurred during the 0 to 3 week brooding stage. 
This behavioral response seemed to be in agreement with that reported by 
others. Both DeShazer et al. (1974) and Kotrbacek (1977) contended that 
poults less than 3 weeks of age did not adjust feed intake sufficiently 
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to compensate for increased energy needs when they were exposed to re­
duced brooder heats. 
The lack of expected extra feed intake by poults of the current 
study seemed to be due to some factor or factors other than natural 
thermoregulation (huddling). Kotrbacek (1977) suggested that very young 
poults were incapable of increased metabolic activity up to 3 weeks of 
age. If so, extra energy intake would not be expected in cooler ambient 
temperatures. In this experiment the greatest part of the feed intake 
difference that occurred between the two thermal treatment groups oc­
curred during the latter (after 3 weeks of age) stages of brooding. At 
this age, it seemed that the poults had matured enough and were capable 
of increased metabolic rates as well as adjusting feed (energy) intakes 
in response to increased rates of body heat losses. However, extra feed 
intake was not observed in poults kept in the modified thermal environ­
ment during the latter (4 to 8 weeks) stages of brooding in this experi­
ment . 
Sturkie (1965) suggested that long-term exposure to a cooler en­
vironment could alter the breadth (amplitude) of the thermoneutral range 
of ambient temperatures for a given bird. This suggested that the lower 
critical boundary of the zone of thermoneutrality could be reduced. If 
so, the lower than expected extra energy (feed) intake by poults kept in 
the modified (reduced) thermal environment during the current study might 
be explained by acclimatization. These poults could have acclimated; be­
come accustomed to the cooler environment and consequently were not in­
duced to consume extra energy (feed) in spite of a constant exposure to 
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cooler ambient temperatures. 
It has been generally accepted that the production functions of 
domesticated animals are functions of the respective animal's feed in­
take, particularly when fed ^  libitum. Therefore, because feed intake 
was lower for the poults kept in the modified thermal environment than 
it was for those brooded normally, the somewhat slower growth rate that 
occurred would be expected. 
It seemed, however, that even though poults kept in the.modified 
thermal environment may have acclimated because of the relatively long-
term exposure to the cooler temperatures, they should have needed extra 
energy to maintain homeothermy 
The concept that environmental temperatures below thermoneutrality 
lead to increased energy needs to maintain homeothermy has been postu­
lated by numerous authors. Byerly et al. (1978) and Balnave et al. 
(1978) suggested this, according to Hurwitz et al. (1980). Curtis (1983) 
suggested that, if feed energy intake was not increased when animals were 
exposed to environmental temperatures below thermoneutrality, energy 
gained (protein and fat accumulations) would be less because of extra 
metabolic heat required to maintain homeothermy. Byerly et al. (1978) 
and Balnave et al. (1978) [according to Hurwitz et al. (1980)] also sug­
gested that energy required for production remained constant during en­
vironmental temperature changes below thermoneutrality. Thus, it seemed 
if the same kind of animals were exposed to different thermal environ­
ments and each group was fed the same diet a^ libitum, a difference in 
feed utilization between the animals would be evident. 
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In the current study, not only were the average ME and average CP 
intakes/kg of weight gain nearly the same for the two thermal treatment 
groups, average feed conversion rates were essentially equal. If energy 
needed for the maintenance of homeothermy had been greater for poults 
kept in the cooler environment, feed conversion rate should have been 
reduced proportionally as compared with that of poults brooded in the 
recommended environment. Furthermore, the maintenance of homeothermy 
did not alter carcass (body) composition. Thermal environment had no 
significant effect on carcass dry matter, protein or fat contents, ir­
respective of dietary treatment. Curtis (1983) stated that not as much 
fat was gained by cold stressed animals as by those kept in thermoneutral 
conditions, and that fat gain was more affected than was protein gain. 
The juvenile turkeys of the current experiment apparently were not cold 
stressed enough when kept in the modified (cooler) thermal environment 
to affect either fat or protein gain. Hence, the results shown herein 
suggested that less weight was gained by poults kept in the modified 
thermal environment simply because they consumed less feed, irrespective 
of dietary nutrient density. According to the feed conversion rates, if 
all poults fed diets of the same nutrient densities had consumed equal 
amounts of feed, they would have grown at similar rates. 
If the juvenile turkeys kept in the modified (cooler) thermal en­
vironment had acclimated, as the results of this experiment suggested, 
then it seemed, feed intake by these poults should have been the same as 
that by poults brooded normally. It may be that the difference observed 
between average feed intakes of the two thermal treatment groups 
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resulted from the poults attempting other means of thermoregulation. 
Shivering and(or) huddling as means of thermoregulation could have re­
duced the time affected poults spent eating, thus reducing feed intake. 
The act of shivering, however, would have eventually accentuated the 
need for extra energy intake to support the increased muscle spasms. 
The average feed conversion rates shown for poults of this experiment 
would not support shivering as a meaningful thermoregulatory action by 
poults kept in the cooler thermal environment. Huddling, on the other 
hand, could have not only reduced the rate of body heat losses but could 
have reduced the need for extra energy to support physical activity as 
well. Poults kept in the cooler environment, although not cold stressed, 
simply may have been less active physically and thus required less energy 
for movement. Consequently, any periodic huddling (reduced heat loss) 
combined with reduced physical movement (reduced energy expenditure) 
could have altered feed intake by poults kept in the modified thermal 
environment. Because feed intake was less by the latter poults than by 
those brooded normally, growth rate was also less, but carcass composi­
tion and feed efficiency were not affected during this experiment. 
Because feed intake by poults brooded in the modified (reduced) 
thermal environment was less than that by poults brooded normally, feed 
cost per poult was also less for the 8 weeks of brooding. In this ex­
periment, an extra feed cost of 5 cents per poult was amassed by poults 
brooded normally. The feed cost per poult for the latter poults was 
$1.39. By contrast, the feed cost per poult for poults kept in the 
modified thermal environment was $1.34. The economic ramifications of 
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this negative (reduced) feed cost were augmented by the reduced supple­
mental energy that was required for brooding these poults in the cooler 
environment. 
Livability of juvenile turkeys is also an important aspect of the 
potential use of a cooler thermal environment during brooding. The mor­
tality rates of poults experienced during the individual trials of this 
experiment clearly indicated the essentiality of healthy, clean poults 
when modifications of the traditional brooder temperatures were 
attempted. 
In Trials 1, 3 and 5, healthy, strong poults were placed on.experi­
ment and, in these instances, mortality rate was not affected by thermal 
environment. On the other hand, in Trials 2 and 4 poults diagnosed to be 
carriers of a pathogenic organism (Salmonella sp.) and exposed to the 
cooler thermal environment suffered greater mortality than their hatch-
mates brooded in a normal thermal environment. The importance of normal 
supplemental brooder heat in such instances was most evident in Trial 4. 
The supplemental heat provided in the normal scheme was apparently suffi­
cient so that the poults remained comfortable despite a bacterial infec­
tion. However, poults from this brood kept in the cool thermal environ­
ment apparently became chilled and during days 3 to 5 sought warmth by 
piling. Piling became so intense that mortality occurred as a result of 
suffocation. Thus, it seemed that the bacterial infection of the poults 
kept in the cool environment was a predisposing factor for an adverse 
effect of a cool environment on livability during early brooding. 
These results suggested that the very young poult was highly 
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dependent upon external heat in maintaining its defense against patho­
genic organisms. Since cloacal temperatures were not monitored during 
this experiment, it was not known whether deep core body temperatures 
were actually decreased at the time poults began piling. 
Mortality after the first week post-hatch in Trials 2 and 4 was low, 
indicating that the surviving poults either had begun adapting to the 
cool environment despite the infection and(or) developed some resistance 
to the infection. 
Brooding healthy juvenile turkeys in temperatures lower than those 
traditionally recommended resulted in substantial supplemental energy 
conservation during this experiment. Electrical energy consumption was 
reduced by 40% when poults were brooded in the modified thermal environ­
ment rather than the recommended brooding environment. Electrical energy 
conservation resulted in a monetary savings of 5.8 cents per poult 
through 8 weeks of brooding. Average electrical energy cost per poult 
kept in the cooler environment was 9.4 cents whereas it was 15.2 cents 
per poult brooded normally. This magnitude of monetary savings trans­
lated into substantial extra feed purchasing power. Nearly 5 tons of 
feed could have been purchased by the savings resulting from brooding 
20,000 poults (an average poult placement by industry standards) to 8 
weeks of age. Alternatively, an additional 1,000 poults could have been 
fed to 8 weeks of age on the same monetary savings that resulted from 
electrical energy conservation. 
Poult brooding costs, on the other hand, would be increased con­
siderably if relatively high death losses occurred as they did in two of 
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the five trials conducted in this experiment. Even though a bacterial 
infection was the predisposing factor to the higher death losses in 
Trials 2 and 4, the losses were augmented by the reduced supplemental 
heat which impacted greatly on poult brooding costs. In Trials 2 and 4, 
mortality costs were considerably greater than those in Trials 1, 3 and 
5 for poults kept in the modified thermal environment. In these in­
stances, average mortality costs, based on an initial purchase price of 
$1.00 per poult were equivalent to 26 and 3 cents per live poult, respec­
tively, at the termination of brooding. Thus, mortality cost more than 
offset the monetary savings gained from reduced energy consumption associ­
ated with low temperature brooding in Trials 2 and 4. Mortality cost 
associated with poults brooded normally in Trials 2 and 4 was 6 cents, on 
the average, as compared with the 26 cents for those kept in the modified 
thermal environment. 
The combined results (growth rate, feed intake, feed utilization and 
livability) of the experiment reported herein indicated that juvenile 
turkeys were brooded successfully in modified (cooler) thermal environ­
ments, provided healthy, strong poults were obtained for placement as in 
Trials 1, 3 and 5. In the modified thermal environment, the brooder 
temperature was 5.6°C cooler than that normally recommended. The tempera­
ture differential between brooding schemes was maintained throughout the 
cycle by reducing each brooder temperature scheme 2.8°C weekly until room 
temperature was reached. Consequently, the need for supplemental energy 
(heat) was reduced considerably in the modified thermal environment. The 
electrical energy cost reduction (5.8 cents per poult) and the unexpected 
120 
feed cost savings (5 cents per poult) reduced the per poult brooding 
cost by 10.8 cents for poults kept in the modified (cooler) thermal 
environment over the cost per poult brooded normally, a substantial 
monetary savings. 
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SUMMARY AND CONCLUSIONS 
Five trials were conducted to determine the effects of modified 
(cooler) brooder temperatures on the growth, feed intake and mortality 
of juvenile turkeys brooded from 1 day to 8 weeks of age. Secondly, 
these trials were conducted to determine the ability of juvenile turkeys 
to utilize extra dietary energy (animal tallow] to support optimal growth 
rate in the absence of normally recommended supplemental heat during 
brooding. Concurrently, the economical implications of reduced brooder 
temperatures were determined. 
Day-old male poults of the Nicholas strain were floor-brooded on 
wood shavings over concrete floors and grown in total confinement to 8 
weeks of age. Six pens of poults were brooded in traditionally recom­
mended ambient temperatures and six pens were exposed to modified 
(cooler) brooder temperatures. Three of the pens of each thermal treat­
ment group were fed a high nutrient density diet and the other three pens 
of poults were fed a low nutrient density diet. In Trial 1, two pens of 
poults rather than three pens were fed each dietary treatment. 
The dietary regime lowest in nutrient density was based on experi­
mental starter diet formulas developed by Johnson and Sell (1976) and 
known to support optimal growth to 8 weeks of age in male poults. The 
high nutrient density diet was calculated to be 8% higher in metaboliz-
able energy (ME) and 5% higher in crude protein (CP) than the low nutri­
ent density diet. The all mash, complete test diets were provided ad 
libitum through the experiment. 
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Brooder temperatures were modified whereby the initial (week 1) 
temperature was 5.6°C cooler than that normally recommended for 
brooding. In the first four trials, the initial first week brooder 
temperatures for the recommended and modified schemes were fixed at 
35°C and 29.4°C, respectively. Temperatures of each scheme were re­
duced in weekly decrements of 2.8°C until a house temperature of 10°C 
had been reached by 8 weeks of brooding. The brooder temperature 
schemes used during the fifth trial had the initial temperatures fixed 
at 35°C through the third day of brooding for both temperature schemes. 
Beginning with the fourth day of brooding, the temperature was reduced 
to 32.2°C for the recommended brooder scheme and to 29,4°C for the 
modified brooder scheme. On the morning of the seventh day of brood­
ing, a 2.8°C reduction in brooding temperatures was made for both 
schemes. Weekly reductions in brooding temperatures were made 
until a 10°C house temperature was reached by 8 weeks of brooding. 
The results of these trials facilitated the following observa­
tions and conclusions. 
1. Brooding juvenile turkeys in cooler (29.4°C initially) 
than recommended C35°C initially) temperatures suppressed 
growth rate as compared with poults brooded normally. 
2. Feed consumption was decreased in juvenile turkeys ex­
posed to modified (cooler) brooder temperatures over that 
by poults brooded normally during 8 weeks of brooding. 
3. Feeding high nutrient density diets to poults improved 
growth rate and feed efficiency over those of poults fed 
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low nutrient density diets to 8 weeks of age, irrespective 
of thermal environment. 
4. Brooding juvenile turkeys fed the high nutrient density in a 
cooler than recommended thermal environment resulted in growth 
rates equal to or greater than growth rates of poults fed the 
low nutrient density and brooded normally. 
5. Modifying traditionally recommended brooder temperatures had 
no significant effect on feed conversion rates of poults fed 
either of the dietary treatments to 8 weeks of age. 
6. Feeding extra dietary energy (animal tallow) to 8 weeks of age 
increased the fat content in the turkey carcasses, irrespective 
of thermal environment. 
7. Livability of healthy juvenile turkeys was not adversely 
affected by exposure to cooler than recommended brooder 
temperatures, particularly after the first week of brooding. 
Death losses were increased 3.5 fold when pathogenic bacteria 
(Salmonella sp.) infected the poults kept in the modified 
thermal environment during the first week of brooding. 
8. Modifying traditionally recommended brooder temperatures 
conserved substantial supplemental energy and reduced the 
per poult brooding cost considerably through 8 weeks of brood­
ing. 
Observed production performances by juvenile turkeys during this 
experiment showed that a potential existed for modifying traditionally 
recommended brooder temperatures, particularly after the first week of 
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brooding. It must be noted, however, that this potential was demon­
strated by using a tightly constructed, well-insulated barn which had 
adequate ventilating and heating systems. It was deemed especially 
important that the facility used for modified thermal brooding was 
equipped with control devices sensitive to minimal thermal changes that 
occurred in the poults' environment. 
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